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ABSTRACT 
Analysis of the Blancan Procyonids of Florida 
 
by 
Laura S. Gilmore 
Procyonids are well known biologically but knowledge of their fossil record is comparatively 
sparse. This study seeks to describe a sample of late Blancan procyonid fossils composed mostly 
of postcranial and dental material. Fossils are analyzed using linear and 2D geometric 
morphometrics and compared with a large sample of modern specimens from a wide geographic 
area to understand the range of intraspecific variation. The large Procyon species is described as 
a new taxon based on morphology of the postcrania and lower dentition, while another Procyon 
species is also described as new due to an apomorphy in the upper dentition. A new species of 
coati (genus Nasua) is identified and described based on lower dentition and postcranial 
morphology. The Blancan species P. rexroadensis is synonymized with P. lotor because the 
distinguishing dental feature for which the species is named is within the range of variation for 
P. lotor. 
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CHAPTER 1 
INTRODUCTION 
Extant procyonids, raccoons and their cousins, are a familiar and well-studied group, 
biologically. However, knowledge of their fossil record is sparse when compared to their current 
popularity and distribution. Procyonids are in the order Carnivora, superfamily Caniformia, and 
infraorder Arctoidea which includes the mustelids, pinnipeds, and ursids. Within Carnivora, 
procyonids are some of the rarest taxa in the fossil record and in fact, of the living genera, only 
Bassariscus is known from before the Blancan North American Land Mammal Age (NALMA) , 
hereafter referred to as the Blancan (Baskin 1982). Though procyonids originally evolved in 
Europe in the Oligocene, they are believed to have diversified in Central America, as many 
species of procyonid are found there today, not surprisingly because Central America is 
composed of the lush forested habitats that procyonids are typically found in (Baskin 1989). 
Procyonids arrived in North America in the Arikareean NALMA with the oldest procyonid on 
the continent known from the upper Harrison Formation in Nebraska (Baskin 2005). During the 
Pliocene, the genus Procyon is represented by P. rexroadensis (which is confined to the 
Blancan). During the Pleistocene it becomes much more common, with at least 56 occurrences 
recorded on the Paleobiology Database (http://www.paleodb.org/). At the end of the Pleistocene, 
and corresponding with the expansion of humans, Procyon lotor becomes extremely widespread 
across the entirety of North America (Zeveloff 2002). Nasua is even less common in the fossil 
record than Procyon. Occurrences of Nasua earlier than Pleistocene are limited to less than 10 
specimens from Arizona, Florida and California (Dalquest 1978; Baskin 1982; Cassiliano 1999). 
Nasua is first known from South America in the late Pleistocene of Brazil (Berta and Marshall 
1978, Marshall et al. 1984).  
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The study here aims to analyze fossil material from the Blancan of Florida that represent 
a population of unusually large Procyon material as well as some unidentified procyonid 
specimens to identify whether this material is Procyon lotor, Procyon rexroadensis, a new 
species of Procyon or possibly some other type of procyonid. Klein (1971) describes the material 
from the fossil site Inglis 1A as morphologically intermediate between P. rexroadensis and P. 
lotor. Morgan and Hulbert (1995) mention the large raccoon from the Leisey Shell Pit and Inglis 
1A, with the latter listed as Procyon n. sp by Webb and Wilkins (1984). Berta (1995) discusses 
the Leisey Procyon material and refers it tentatively to P. lotor, but states that further 
examination of the fossils, including the Inglis 1A sample “may warrant establishment of a new 
species” (Berta 1995 pp. 469). Morgan and Hulbert (1995) state that it is likely that the Inglis 1A 
Procyon is the same as the Leisey Procyon. The study here excludes the Leisey Procyon, as it is 
from the Irvingtonian NALMA, rather than the Blancan, but, if Morgan and Hulbert are correct 
in saying that it is the same species as Inglis 1A, then my results may prove helpful to future 
work on the Irvingtonian Procyon of Florida.  
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CHAPTER 2 
BACKGROUND 
Extant Procyon 
Procyonids are indigenous today throughout the Americas from southern Canada across 
the United States and as far south as Argentina (Lotze and Anderson 1979), though they have 
been introduced to France, the Soviet Union, and Germany in the past 50 years (Lotze and 
Anderson 1979). The genus Procyon was first used by Storr in 1780 after Linneaus had 
originally described the raccoon as Ursus lotor in 1758. Included in the Procyonidae are the 
raccoons, coatis, cacomistles, olingos, kinkajou and, sometimes (incorrectly), red pandas 
(Zeveloff 2002). There are 6 genera in 2 subfamilies (Procyoninae- Procyon, Nasua, Nasuella, 
Bassariscus; Potosinae- Bassaricyon and Potos) and roughly 20 species (Zeveloff 2002). Though 
Ailurus was previously included with the procyonids, they are separated by the presence of a 
squasmosal epitympanic sinus (Decker and Wozencraft 1991) and by molecular data which 
actually places them as basal within the musteloids (e.g. Flynn et al. 2005). Distinguishing traits 
of the procyonines are “the presence of a hypocone on P4 and M1, an entoconid on m2, a 
laterally expanded palatine giving the orbital wall an inflated appearance [and], medial or 
posterior attachment of the vomer to the palatine…” (Decker and Wozencraft 1991: 44) and the 
presence of a metaconule between the metacone and the hypocone of M1, M1-2 with reduced 
internal cingula, an elongated M2 and having the angular process located either level with or 
above the toothrow (Baskin 1989). 
Within the genus Procyon, there are 3  extant species: Procyon lotor (North American 
raccoon), P. (Euprocyon) cancrivorus (crab-eating raccoon), and P. pygmaeus (Cozumel Island 
raccoon). There were 4 West Indian species (P. maynardi (the Bahamian raccoon), P. minor 
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(Guadeloupe raccoon), P. gloveralleni (Barbados raccoon), and P. insularis (Tres Marias 
raccoon)) that Helgen and Wilson (2003) showed to all be genetically conspecific with Procyon 
lotor, thus reducing the number of accepted species from 7 to 3 .  
Extant raccoons are nocturnal animals, commonly found near water and roughly the size 
of a large housecat, though there is considerable variation in their size depending on their 
geographic location (Lotze and Anderson 1979). North American raccoons are typically 634-950 
mm in length (Hall and Kelson 1959), 6.76 kg in weight for males and 5.94 kg in weight for 
females (Nagel 1943). The largest Procyon lotor are found in Idaho with an average weight of 
6.16 kg for males while the smallest are in the Florida Keys with a mean weight of only 2.40 kg 
(Lotze and Anderson 1979, Goldman 1950). A 28.4 kg wild catch record has been recorded from 
Wisconsin (MacClintock 1981) and the “world’s fattest raccoon” was a 34 kg pet P. lotor named 
Bandit, who was owned by Deborah Klitsch of Palmerton, Pennsylvania (See Animal Planet: 
‘Weird, True and Freaky’ season 2 episode 22). Procyon lotor appears to demonstrate a classic 
example of Bergmann’s Rule, but extremely large individuals are also known from Texas (Gerht 
and Fritzell 1999), and a population of raccoons in Alabama was found to have extremely wide 
variation in body weight (Johnson 1970). Body weight seems to be very closely related to food 
availability (Dorney 1953) and possibly soil fertility (Nagel 1943), which supports Geist’s 
(1987) assertion that body mass of mammals is more closely correlated with nutrition than 
temperature.  
Procyon lotor is perhaps best known for its mask-like black facial markings, ringed tail, 
and food “washing” behavior. This behavior, however, is less for washing and more for feeling 
(Lyall-Watson 1962). Whitney (1933) documented raccoons in dry enclosures rubbing their 
food, much as those around water do. It has also been suggested that raccoons commonly handle 
18 
 
their food in water because of the enhanced tactile sensation and improved grip produced by the 
softening of the skin of their paws when wet (Zeveloff 2002, Changizi et al. 2011). A further 
explanation for the belief that raccoons are washing their food is because aquatic species form a 
large part of many raccoons diet. So, rather than washing their food in the water, they are instead 
catching it (Zeveloff 2002). 
Fossil Procyon 
The oldest Procyon material is tentatively known from the Hemphillian NALMA of the 
Mt. Eden local fauna in California (Baskin 1982). Procyoninae contains 16 taxa from the 
Miocene to the Pleistocene of North America. Romer (1966) suggested that the paucity of their 
fossil record is in part due to their forest-dwelling, partially-arboreal nature. Raccoons (Procyon 
Storr 1780) are known in the Blancan in only 5 states. In the early Blancan, it is questionably 
known from Washington and confidently known in Kansas, while in the late Blancan, it is 
known from Arizona, Texas, and Florida (White and Morgan 2005). Procyon is first tentatively 
known from the Hemphillian (Baskin 1982), and P. rexroadensis is known from the Blancan 
(Hibbard 1941a). There were, at 1 point, 4 different species known from the Pleistocene, but they 
have all been synonymized with P. lotor (Kurtén and Anderson 1980). Thus, there are now 3  
extant species, and only a single extinct fossil species. 
During the Blancan, a single species of Procyon is confidently known: P. rexroadensis 
from the Rexroad Fauna in Kansas (Hibbard 1941a, 1941b, 1954; Oelrich 1953; Bjork 1973). 
This extinct raccoon is defined as “a large procyonid” about the same size as the large extant 
Procyon cancrivorus (Hibbard 1941a pp 270) and is thought to have been more generalistic than 
“any of the known fossil or Recent forms” (Oelrich 1953 pp. 376). Procyon material from the 
Rexroad fauna consists of mostly cranial elements: 34 instances of this species are recorded from 
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the Rexroad fauna (Bjork 1973), though there is also a fragmentary distal humerus catalogued as 
P. rexroadensis in the University of Michigan (UM) collections that is not previously recorded in 
the literature. Procyon rexroadensis is confidently known from only 2 localities in North 
America; Mead County, Kansas and Randall County, Texas (Hibbard 1941a; Johnston and 
Savage 1955; Anderson, 1984). Some finds in Florida may add to this list of occurrences; 
however, many of the unusually large raccoon fossils from Florida have been catalogued as P. 
rexroadensis based purely on their size and this identification requires further examination 
(Hulbert, pers comm.) 
There were 3  additional species of Procyon known from the Pleistocene of North 
America: Procyon priscus, P. simus, and P. nanus. A fourth species, P. psora (Gray 1842) is 
hardly ever referenced in literature, though P. l. psora is now a subspecies of the modern 
raccoon. Oelrich (1953) synonymized P. priscus and P. psora (though it is not listed as a 
synonym of P. lotor today) and Kurtén and Anderson (1980) synonymized P. simus and P. nanus 
with P. lotor. The Pleistocene forms were based mostly on size, but Kurtén and Anderson (1980) 
remarked that all are within natural variation of extant P. lotor populations. 
Extant and Fossil Nasua 
Coatis (Nasua Storr) are medium-sized, omnivorous procyonids native to North and 
South America weighing between 5 and 6kg (Gompper 1995). The white-nosed coati (Nasua 
narica) is found in the Southwest of the United States, Central America and Columbia, while the 
South American coati (Nasua nasua) is located strictly in South America. They, like Procyon 
spp., are arboreal and terrestrial procyonids, although Nasua spp. are more terrestrial than 
Procyon spp. and frequently dig and pry open logs to capture the terrestrial invertebrates that 
they prefer to feed on (McClearn 1992, Gompper, 1995). Nasua spp. have been described as 
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“capable, although not particularly graceful, climbers” (McClearn 1992: 248) and are more 
suited for terrestriality than Procyon spp. In fact, while in trees, they typically walk along large 
branches, much as they would on the ground rather than hanging (McClearn 1992).   
Nasua spp. have significantly dimorphic lower canines (Gittleman and Van Valkenburgh 
1997), to the extent that even those unfamiliar with the genus would be able to distinguish males 
from females. Procyon spp. has dimorphic lower canines as well, but the dimorphism is 
considerably more subtle. Grau et al. (1970) found that lower canine maximum thickness can be 
used in Procyon to determine the sexes. In Grau et al. (1970), for a sample size of 54, 100% of 
males had lower canine thickness of >4.00mm, while 93% of females have lower canine 
thickness of <4.00mm.  
In North America, the fossil record of Nasua is extremely sparse; the only fossil known 
confidently from the Blancan is a single p4 of N. pronarica from the early Blancan Beck Ranch 
Local Fauna, Texas (Dalquest 1978). Nasua sp. is also known from the Blancan-Irvingtonian 
Fish Creek-Vallecito Canyon local fauna of California (Cassiliano 1999). Nasua has tentatively 
been identified from the Hemphillian Bone Valley Formation of Florida (Baskin 1982) but this 
identification is based on a mandible with heavily worn p1-p3 (Baskin 1982) and was not in-situ 
(Webb et al. 2008). The elongation and mediolateral compression of the p3 is suggestive more of 
Nasua than of Procyon (Baskin, 1982). In addition, more primitive relatives of Nasua are known 
from Florida, such as Paranasua and Arctonasua (Baskin 1982). 
Interestingly, there is a strong discrepancy between phylogenies based on morphology 
and on genetics. Morphology places the raccoons (Procyon) with the coatis (Nasua), and the 
ringtails (Bassariscus) with the kinkajous (Potos) 100% of the time (Baskin 2004). However, 
genetic analyses place the raccoons with the ringtails, and the coatis with the kinkajous 100% of 
21 
 
the time (Fulton and Strobek 2007, Koepfli et al. 2007). This is attributed to the fact that coatis 
and raccoons have evolved similar body shapes due to convergence of similar feeding habits, 
rather than a shared origin (Koepfli et al. 2007). Bassariscus is small and carnivorous, while 
Potos is frugivorous; however, both have developed a gracile postcranial anatomy with long tails 
for agility in trees and relatively short faces. Nasua and Procyon have evolved for mostly 
terrestrial habitation, with emphasis on their forelimbs: Procyon for tactile manipulation, Nasua 
for digging. In fact, Nasua is so much more adapted for digging that the lateral supercondylar 
ridge and medial epicondyles of the humerus are extremely exaggerated (Fig 35).  
The Blancan North American Land Mammal Age 
The beginning of the Blancan is defined by the appearance of the rodents Mimomys, 
Ogmodontomys, and Ophiomys in North America below 55°N at roughly 4.8 Ma (5.2- 4.6 Ma) in 
California, while the end (the beginning of the Irvingtonian) is defined by the first appearance of 
Mammuthus at 1.35 Ma (Bell et al. 2004). It was named for the Mt. Blanco fauna in Crosby 
County TX (Wood et al. 1941). The Blancan straddles the Pliocene to Pleistocene boundary, 
with faunas younger than 1.77 Ma being Pleistocene, while those before that time are Pliocene 
(Bell et al. 2004). The Blancan has been split into 5 different subperiods, though all Florida 
localities preserving Procyon are Blancan V in age (Hulbert 2010). Blancan V relates to a time 
period between 2.5-1.72 Ma, is defined by the arrival of the lemmings Mictomys and Plioctomys, 
and is characterized by Ondatra idahoensis, Mictomys vetus, Mictomys landesi, Pliophenacomys 
osborni, and Ophiomys parvus (Bell et al. 2004.) 
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CHAPTER 3 
MATERIALS AND METHODOLOGY 
Fossils were studied to determine how the morphology of the Blancan Procyon material 
compares to that of fossil P. rexroadensis, as well as to modern P. lotor, P. cancrivorus, and 
Nasua. A fairly large sample of Procyon fossils has been collected from the Blancan of Florida 
since 1965 (Hulbert, 2012, pers. comm.). Only 2 of the mandibles recovered have cheek teeth 
that are relatively unworn (the remaining mandibles have all but morphologically useless 
dentition), and many have few to no teeth. The majority of the mandibles are isolated, weathered 
or tumbled fragments of lower rami with no teeth preserved. Little can be assessed with these 
mandibles except to confirm the original identification that they are most probably the genus 
Procyon based on the enlarged m2 alveoli (Baskin 1982). Distal humeri are the most commonly 
preserved fossil of the Blancan raccoons at every site (n = 21 humeri). Forty-eight fossils 
represent all other skeletal elements, cranial, and postcranial. No crania are known, though 
maxillary fragments with teeth, as well as isolated teeth, are relatively common. 
Those elements most useful for detailed morphological analyses were chosen for study, 
and include humeri, mandibles, fourth premolars, molars, and tibiae. Elements such as femora, 
astragali, calcanea, distal radii, ulnae, incisors, and first through third premolars are either 
interspecifically too variable or intraspecifically too conservative in morphology and will not be 
included here. These latter elements were thoroughly examined for morphological differences 
but not analyzed statistically. 
Travel to the Smithsonian Museum of Natural History (USNM), as well as the American 
Museum of Natural History (AMNH) was necessary to acquire large samples of P. lotor, Nasua, 
and P. cancrivorus. Postcranial skeletons in the East Tennessee State University Vertebrate 
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Paleontology Lab (ETVP) modern collection were insufficient in number to provide a strong 
sample size and sex/locality data were scarse. Care was taken to gather a significant sample size 
for each group, but this was not possible for all groups (P. cancrivorus and P. pygmaeus, 
especially). Between the AMNH and the USNM, there were only 9 postcranial specimens of P. 
cancrivorus, and many of these were incomplete, or were insufficiently defleshed to permit 
accurate linear measurements or landmark placement. A single specimen of Procyon pygmaeus 
is included only in the analyses of the M1s and the mandibles because no postcranial material of 
this species was available at either of the museums visited, and only 1 of the 5 skulls available 
has teeth unworn enough to allow accurate landmark placement. Potos flavus was originally 
included in the analyses, to include as many procyonid groups as possible, but the taxon is 
distinct from all other procyonids due to its highly arboreal nature. Consequently it tended to 
drive the analyses as an outlier, and was thus discarded from study. Observation is enough to 
confirm that none of the fossils are Potos.  
Travel to UM was also necessary to analyze Procyon rexroadensis, because all samples 
of P. rexroadensis found from Kansas are housed there. Unfortunately, the holotype specimen 
(formerly KUMVP 5522) seems to have been misplaced, as it could not be located during the 
visit. In the absence of the holotype, I will instead use UM 37131, a set of associated upper and 
lower dentition.  
Linear Measurements 
Linear measurements (Figs 1, 2; Tables 1, 2) were taken on each bone with 0-150 mm 
Fisherbrand digital calipers. All measurements were taken 2 to 3  times and averaged to produce 
a single number. Acceptable differences in linear measurements were less than 0.3 mm.  
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Figure 1: Linear measurements taken on the right distal humerus. A) Measurements 1, 3-6, 14 
taken on the distal humerus in posterior view; B) measurement 2 shown in ventral view; C) 
measurements 7-11 taken on the distal humerus in anterior view. For measurement descriptions, 
see Table 1. 
 
Table 1: Linear measurements taken on the distal humeri 
1 Maximum width of humerus 
2 Width of articular facet measured from medial notch to lateral notch 
3 Width of olecranon fossa 
4 Minimum width of trochlea 
5 Height of trochlea on lateral side of posterodistal view 
6 Height of trochlea on medial side of posterodistal view 
7 Height of trochlea on posterior side  
8 Minimum height of articular facet in anterior view 
9 Maximum height of capitulum in anterior view 
10 
Maximum width of articular facet measured from most distal end of trochlea to 
most proximal end of capitulum 
11 
Mimimum width of articular facet measured from most distal end of trochlea to 
most distal end of capitulum 
12 Greatest width of medial side of distal humerus 
13 Greatest width of lateral side of distal humerus 
14 Height of olecranon fossa 
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Figure 2: Linear measurements of the mandible and dentition. Measurements 1-3 correspond to 
toothrow lengths; measurements 4-11 correspond to tooth lengths and widths, measurements 12-
14 correspond to mandible widths and depths. Many other measurements that could be taken on 
complete jaws were omitted due to the incompleteness of the fossil material. For measurement 
descriptions, see Table 2.  
 
Table 2: Linear measurements taken on the mandible and dentition 
1 Posterior alveolus c1 to posterior alveolus m2 
2 Anterior alveolus p1 to posterior alveolus m1 
3 Anterior alveolus p1 to posterior alveolus m2 
4 p4 length 
5 p4 width 
6 m1 length 
7 m1 width of trigonid 
8 m1 width of talonid 
9 m2 length 
10 m2 width of trigonid 
11 m2 width of talonid 
12 Depth of jaw between p4 and m1 
13 Width of coronoid process 
14 Thickness of jaw, midpoint beneath m1 
 
All linear measurements were standardized by dividing each measurement by a single 
one, usually the largest, to convert the measurements into ratios. These standardized ratios 
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effectively remove size as a factor much like superimposition does in geometric morphometrics. 
As it is not felt that size alone is an adequate defining character, the ratios allowed for an 
analysis of the shape of the bone with size removed as a factor. Linear measurements, as 
compared to geometric morphometrics (GM), provide a good method of analyzing the entire 
element at once. By using 2D GM to study the distal humerus, for example, 3  different landmark 
schemes and analyses need to be produced and run to capture the shape of the bone, while with 
linear measurements, a single measurement scheme is sufficient. For the mandibles, linear 
measurements are able to capture tooth lengths and widths as well as tooth row length and other 
aspects of the mandibles that are not able to be used for landmark analyses.  
Landmarks 
GM analyses were run for the M1s, distal humeri, mandibles, and tibiae (Figs 3-8) 
because it can capture subtle changes in morphology that may be missed when using linear 
measurements. All landmarks placed are categorized as type I, II, or III, following Bookstein 
(1991). For the distal humerus (Figs 3,4,5), in anterior, posterior, and ventral views, landmarks 
were chosen to capture the shape of the articular surfaces and the exterior boundary of the bone, 
and are all classified as type II landmarks. For the tibia (Fig 7), landmarks were chosen primarily 
on the exterior boundary of the bone, but some were placed on the lateral articular facet, as well 
as the intercondylar tubercle. Landmarks on the tibiae are all type II landmarks. On the mandible 
(Fig 6), landmarks were focused on the ramus, the body of the mandible after the p3, and the 
articular process. Coronoid processes were never completely preserved, if at all, and most bone 
anterior to the p3 was broken. To place consistent landmarks on the ventral border of the 
mandible, landmarks were placed directly beneath more well-defined landmarks on the dorsal 
border. For example, for a landmark placed at the posterior border of the posterior alveolus of the 
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m1, there would be another landmark placed on the ventral border of the mandible, directly 
beneath the posterior border of the posterior alveolus of the m1, which are type III landmarks. 
Remaining landmarks are all type II. For the M1s, landmarks were placed on the border of the 
tooth to capture shape changes and on the tips of the cusps and bottoms of valleys to capture any 
variation in cusp or valley location. All of the M1 landmarks are type II.  
 
Figure 3: Landmarks placed on the anterior view of the right humerus. Landmarks placed focus 
on capturing the shape of the outside boundary of the humerus, as well as the shape of the 
trochlea and capitulum. For landmark descriptions, see Table 3. 
 
Table 3: Landmarks placed on the anterior view of the humerus 
1 Most proximal point of supracondylar foramen 
2 Point of maximum curvature directly superior to medial epicondyle 
3 Most medial point of medial epicondyle 
4 Point of maximum curvature on distal medial epicondyle 
5 Point of connection between medial epicondyle and trochlea 
6 Most proximal point of trochlea 
7 Most distal point of trochlea 
8 Point of maximum curvature of distal border of trochlear groove 
9 Point of maximum curvature of proximal border of trochlear groove 
10 Point of depression on proximal border of capitulum 
11 Most lateral point of capitulum 
12 Most lateral point of lateral epicondyle 
13 Point of maximum curvature of distal border of capitulum 
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Figure 4: Landmarks placed on the posterior view of the right humerus. Landmarks are placed on 
the outside boundary of the humerus, as well as the boundary of the trochlea. For landmark 
descriptions, see Table 4. 
 
Table 4: Landmarks placed on the posterior view of the humerus 
1 Most medial point of medial epicondyle 
2 Point of maximum curvature directly superior to medial epicondyle 
3 Most distal point of supracondylar foramen 
4 Point of maximum curvature on distal medial epicondyle 
5 Point of connection between medial epicondyle and trochlea 
6 Most distal point of trochlea 
7 Point of maximum curvature of distal border of trochlea 
8 Most distal point of lateral edge of trochlea 
9 Point of maximum curvature on distal lateral epicondyle 
10 Most lateral point of lateral epicondyle 
11 Most medial and distal point of olecranon fossa 
12 Most proximal point of trochlea 
13 Point of maximum concavity on medial border of trochlea 
14 Most lateral and distal point of olecranon fossa 
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Figure 5: Landmarks placed on the ventral view of the distal humerus. Landmarks chosen 
capture the shape of the trochlea, capitulum and partially the boundary of the medial and lateral 
edges of the humerus. For landmark descriptions, see Table 5.  
 
Table 5: Landmarks placed on the distal view of the humerus 
1 Point of contact between capitulum and lateral epicondyle 
2 Most lateral point of lateral epicondyle 
3 Point at which capitulum angles medially 
4 Point of maximum curvature in medial expansion of capitulum 
5 Most anterior point of lateral trochlea 
6 Point of maximum curvature of posterior border of trochlea 
7 Most anterior point of medial trochlea 
8 Most anterior expansion of medial epicondyle 
9 Most medial point of medial epicondyle 
10 Most posterior point of trochlea 
11 Point of maximum curvature of posterior border of trochlea 
12 Most posterior point of capitulum 
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Figure 6: Landmarks placed on the labial view of the right mandible. Landmarks are placed to 
capture the shape of the mandible, though landmarks that may have helped illustrate the changes 
in the angular, articular and coronoid processes were not used because they were absent in many 
specimens. For landmark descriptions, see Table 6.  
 
Table 6: Landmarks placed on the labial view of the mandible 
1 Point of maximum curvature between articular process and angular process 
2 Point of maximum curvature of distal border of ramus 
3 Most anterior point of masseteric fossa 
4 Point on distal border of body of mandible directly below landmark 3 
5 Point where coronoid process meets body of mandible 
6 Point on distal border of body of mandible directly below landmark 5 
7 Most posterior point of m1 alveolus 
8 Point on distal border of body of mandible directly below landmark 7 
9 Most posterior point of p4 alveolus 
10 Point on distal border of body of mandible directly below landmark 9 
11 Most posterior point of p3 alveolus 
12 Point on distal border of body of mandible directly below landmark 11 
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Figure 7: Landmarks placed on the proximal surface of the left tibia. Landmarks placed capture 
the shape of the boundary of the proximal tibia, as well as the shape of the medial articular facet, 
and the location of the intercondylar imminence. For landmark descriptions, see Table 7. 
 
Table 7: Landmarks placed on the proximal view of the tibia 
1 Most anterior point of tibial tuberosity 
2 Point of maximum curvature of medial border of tibial tuberosity 
3 
Point of maximum curvature of medial border of medial border of 
tibia 
4 Most anterior point of medial articular surface 
5 Point of maximum medial curvature of medial articular surface  
6 Point of maximum lateralcurvature of medial articular surface  
7 Most medial point of tibia 
8 Point of maximum curvature of medial condyle 
9 Most medial point of posterior intercondylar area 
10 Most anterior point of posterior intercondylar area 
11 Point of contact between medial condyle and intercondylar eminence 
12 Most proximal point of intercondylar eminence 
13 Most lateral point of posterior intercondylar area 
14 Point of maximum curvature of lateral condyle 
15 Most lateral point of tibia 
16 Point of maximum curvature of lateral border of tibial tuberosity 
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Figure 8: Landmarks placed on the occlusal view of the left M1. Landmarks are placed primarily 
on the outside boundary of the tooth and on the points of the cusps, though some landmarks 
indicate valleys or points where crista contact cusps. For landmark descriptions, see Table 8. 
 
Table 8: Landmarks placed on the occlusal view of the m1 
1 Most posterior border of metacone 
2 Point of maximum curvature between metacone and paracone on labial edge 
3 Point of maximum curvature on labial edge of paracone 
4 Most anterior border of paracone 
5 Point of maximum curvature of lingual border of protocone 
6 Point of maximum curvature of lingual border of hypocone 
7 Tip of cusp of metacone 
8 Deepest point of valley between metacone and paracone 
9 Tip of cusp of paracone 
10 Tip of cusp of protocone 
11 Point of contact between crista of protocone and metaconule 
12 Tip of cusp of metaconule 
13 Deepest point of depression between hypocone and protocone 
14 Deepest point of depression between protocone, paracone, metacone and metaconule 
 
All specimens were photographed with a Canon Rebel XSi, using a desktop tripod. 
Postcranial elements were standardized by placing them on foam blocks covered with thin cloth 
and leveling across a surface. Distal humeri were standardized by leveling across the trochleae in 
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posterior view and across the trochleae and capitulae in anterior view. Tibiae were standardized 
by placing the posterior surface on a sheet of paper taped to a table and circling the points of 
contact between the bone and the table, and a line was drawn on the paper directly outside the 
lateral border of the diaphysis. Subsequent tibiae were placed within the points-of-contact circles 
and the diaphysis was aligned to follow the laterally drawn line. Mandibles were placed with the 
lingual side on a foam block, the lingual edge of the articular process sunk gently into the foam, 
and placing a level anteroposteriorly along the body of the mandible. M1s were standardized by 
leveling across the paracone and metacone, then across the hypocone and paracone.  
Landmarks were placed using TPSDig2. All TPS software was downloaded from the 
StonyBrook morphometrics software website (http://life.bio.sunysb.edu/morph/), appended using 
TPSUtil, and then superimposed using TPSSuper. After being superimposed, the files were 
converted to .csv format using TPSUtil, and converted to .xls in Microsoft Excel 2007. Once in 
Excel format, they were input into IBM Statistical Product and Service Solutions, also known as 
IBM SPSS Statistics, and hereafter referred to as SPSS. 
Analyses 
Principal Components Analysis (PCA) is a way of “reducing the dimensionality of a data 
set consisting of a large number of interrelated variables, while retaining as much as possible of 
the variation present in the data set” (Jolliffe, 2002: 1). Simply put, a PCA allows you to view 
the variance between individual elements as components that can be plotted on a graph, with the 
first component corresponding to the highest amount of variance, and decreasing in variance as 
components become more numerous. PCAs are felt to be the stronger than discriminant or 
stepwise discriminant analyses, as they place no bias on any of the samples and show how the 
specimens relate to each other naturally.  
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Discriminant Analyses (DA) are not as strong as PCAs because the researcher defines the 
species a priori and forces the program to separate them, when no natural separation may have 
occurred in a PCA. In the Excel file, a separate column in created for specific assignments, with 
each species being designated its own number, entered in consecutive order. A DA essentially 
tests the ability of the data set to separate the groups, so the inability of a DA to produce any 
strong separation typically indicates a true lack of morphological difference. 1 distinct benefit of 
the DA is that because you are defining the species, you can also classify fossil material as an 
unknown by entering a zero for its specific value, instead of a 1, 2, or 3, etc. Once the groups are 
discriminated, the analysis attempts to place the fossil material (or any material for which a 0 is 
entered) into 1 of the groups. Thus, a researcher with an element of unspecific identity can use 
this type of analysis to help elucidate it. A summary table at the end of the analysis can provide 
the predicted group membership of the unknown sample.  
A Stepwise Discriminant Analysis (SDA) is a discriminant analysis that enters each 
variable in a stepwise manner and evaluates the ability of that variable to separate the groups 
before adding the next variable. If the variable can distinguish the groups, it is kept in the 
analysis, but if it cannot, then the variable is removed from the analysis. When the analysis is 
finished, a table is provided that contains the variables best able to discriminate the groups. An 
SDA is felt to be stronger than the DA, because while it may lessen the separation between the 
groups, it does show the researcher which variables are able to separate the groups and which are 
not.  Like a DA, the SDA will also allow the researcher to enter fossil species as unknowns and 
will provide a likely group membership at the end of the analysis. 
 
 
35 
 
Fossil Localities 
 Eight fossil localities (Fig 9) preserve procyonid remains and are all located in central 
Florida or along the Gulf Coast. Most sites are well-dated to middle late Blancan in age and are 
often karst features. For referred specimens from all sites, see Appendix D. 
Withlacoochee River 1A (W1A) is a middle late Blancan (1.9-2.2 Ma) 30 m long section 
of river channel, composed of sandy, gray clay in limestone and is known for its high diversity of 
taxa, including rodents, ungulates, lagomorphs, xenarthrans, and carnivores (Hulbert 2010).   
Inglis 1A, 1B, 1F are all separate, latest Blancan (1.6-1.9 Ma) sinkhole localities found 
southwest of Inglis, FL (Hulbert 2010). Of all of the Inglis sites, 1A has the most diverse taxa, 
representing over 120 species (Webb 2006). The sites preserve a period of increased diversity of 
native fauna, and also correspond to a period immediately after the Great American Biotic 
Interchange (Meachen 2005).  
Santa Fe River 8C is an in-situ Blancan locality, formerly thought to be a late Pleistocene 
or Holocene site with Blancan fossils reworked into it (Hulbert 2010). It may be 1.6-2.2 Ma, but 
further study is needed to confirm this (Hulbert 2010).  
Haile 7G is a 1.9-2.2 Ma (Blancan) site similar to Withlacoochee 1A in its finely 
laminated blue-gray clays with prevalent limestone and is known specifically for its abundance 
of articulated to partially articulated tapir skeletons (Hulbert et al. 2006; Hulbert 2010).  
Waccasassa River 9A is a site excavated from a river bank in Levy County Florida that 
has been little published on but may be 1.6-2.2 Ma (Meachen 2005; Hulbert 2010). 
Macasphalt Shell Pit is a shell/sand quarry operated by APAC (previously known as 
Macasphalt) Corporation (Morgan and Hulbert 1995). A 1 m thick sandy layer, rich in organics, 
is the predominant layer for producing vertebrate remains, and is roughly 5-8 m below surface 
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level (Morgan and Hulbert 1995). Most vertebrates from the Macasphalt Shell Pit are freshwater 
or brackish taxa, but there are also marine and terrestrial taxa as well (Morgan and Hulbert 
1995).  
 
Figure 9: Map of Florida showing localities from which procyonid fossils have been recovered. 
Adapted from Hulbert 2010. 
 
 
Identification of Sex 
Two separate methods of differentiating sex in the absence of a baculum were attempted. 
Grau et al. (1970) showed a strong relationship between canine width and sex (Fig 10), but the 
sample was composed of 54 specimens from a small geographic area. This study sought to 
increase that sample with specimens from a wide geographic range. Maximum lower canine 
widths were measured following Grau et al. (1970) for 69 specimens of P. lotor from across the 
United States. Twenty-six specimens of P. cancrivorus were also measured to see if the 
relationship was similar. To determine if the size overlap between fossil Procyon and modern P. 
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lotor are due to small females of the fossils species, landmark analyses were run to test if the 
distal humerus could be used to differentiate the sexes. 
 
Figure 10: Comparison of occlusal views of male and female Procyon lotor mandibles. (A) 
female P. lotor mandible ETVP 463, and (B) male P. lotor mandible ETVP 298 showing the 
larger alveolus for the canine in the male specimen. Scale=1cm.  
 
Body Mass Estimation 
 Body mass estimates were tentatively made using the formula provided in Christiansen 
2005 [(Log (body mass in kg) = 2.525* Log (anterior posterior diameter of humerus) - 1.68 ]. 
Though this formula was developed for use in large felids, particularly to estimate a mass for 
Smilodon (Christiansen 2005), it is used here as a starting point to be improved upon in the future 
when a predictive formula for body mass is created for small carnivorans.  
 
Table 9: Institution and analysis abbreviations used in this research 
AMNH American Museum of Natural History 
ETVP East Tennessee State University 
PCA Principal Components Analysis 
SDA Stepwise Discriminant Analysis 
DA Discriminant Analysis 
USNM United States National Museum 
UM University of Michigan 
UF University of Florida 
SPSS IBM Statistical Product and Service Solutions 
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CHAPTER 4 
RESULTS 
Procyon rexroadensis 
Procyon rexroadensis was named based on a hypocone positioned more lingually than in 
P. lotor (Hibbard 1941a) (Fig 11). Hibbard (1941a,b) describes the tooth as having a “labiad” 
shifted hypocone, but the exact opposite seems to be the case, and it is believed that this was a 
mistake in the original publication. When the material is examined in detail, no other dental 
morphology differences can be found in either upper or lower cheek teeth. Interestingly, the right 
P3 of UM 37131 has an accessory cusp that is not present on the left P3 (Fig 12) highlighting the 
amount of natural variation present in this taxon. Of 150 skulls from across North and Central 
America, similar accessory cusps have been found on 5 P. lotor specimens (USNM 063146, 
139755, 205777, 205778, 221728). The inflation of the hypocone for which Hibbard (1941a) 
names the species, is not outside the range of general plasticity acceptable for P. lotor. Extreme 
variation is found in P. lotor M1s even within a single subspecies (Fig 13) including such 
morphological changes as inflation and lingual expansion of the hypocone. 
 
Figure 11:  Procyon rexroadensis M1 (UM 37131) in absence of holotype. Note labial expansion 
of the hypocone for which the species was named; however, the hypocone is not expanded 
further lingually than some P. lotor. Scale = 1 cm.  
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Figure 12: Occlusal view of Procyon rexroadensis (UM 37131) right P4-P2. Circle indicates the 
extra accessory cusp on the right P3 that is not present on the left P3. Scale = 1 cm.  
 
 
 
Figure 13: Range of natural morphological variation within Procyon lotor M1s, showing 3  
general morphotypes. A-B have reduced hypocones and round shapes. C-D have inflated 
hypocones that project posteriorly. E-F have inflated hypocones and large protocones, giving the 
tooth a rectangular outline. (A)USNM A44056,  (B) USNM 286603, (C) USNM 034253, (D) 
USNM 073488, (E) USNM 111363, (F) USNM 60352. Note that B and C are both male 
specimens of P. lotor varius, showing the range of variation acceptable within a single 
subspecies. Also note the more conservative morphology of the P4, as compared to the M1. Not 
to scale. 
 
 Even within the P. rexroadensis population, there is significant variation in the 
morphology of the M1s. UM 29039 has a left M1 with its hypocone separated from the 
metaconule by a distinct shelf that is not seen in the associated right M1 or any other P. 
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rexroadensis specimens. The M1s of UM 29039 even have varying degrees of expansion of the 
hypocone, despite being classified as the same individual (Fig 14).   
 
 
Figure 14: Procyon rexroadensis (A) UM 37131, and (B+C) UM 29039 showing the marked 
variation within P. rexroadensis specimens. UM 37131 (A) has an expanded hypocone and no 
cingulum on the protocone. UM 29039 (B) does not have the lingual expansion of the hypocone 
for which the species is described and also has a distinct cingulum while UM 29039 (C) has a 
slightly expanded hypocone and a reduced cingulum. Also note the distinct shelf between the 
hypocone and metaconule of C that is not seen in either A or B. Scale = 1 cm.  
 
P4s and lower dentition tend to be morphologically more conservative, and morphology 
of P. rexroadensis falls within that seen in extant P. lotor. It seems likely that the differences 
found in P. rexroadensis may be due to provincialism. P. rexroadensis fossils are rare, with only 
2 confirmed mandibles, a set of associated upper and lower dentition and a few isolated molars 
known.. A distal humerus (UM 37159) is catalogued as P. rexroadensis but appears to be 1 of 
the mustelids Lutra or Satherium. Procyon rexroadensis has been included in the following 
statistical analyses to see quantitatively how it compares to P. lotor.  
New Procyonid Species 
Procyon sp. nov. (a). A single specimen (UF 243697) is catalogued and is a small 
fragment of maxilla in which the left P4, M1, and alveolus of M2 are preserved (for teeth, see 
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Fig 15). A single right P4 of this species from the same locality is known from a private 
collection (Fig 16), but does not increase the number of individuals known. The metaconule of 
M1 is extremely reduced, consisting of a valley between the hypocone and the metacone. The 
distinct metaconule has been defined as a character that unites Paranasua, Nasua, and Procyon 
(Baskin 1982), but this M1, being otherwise morphologically most similar to Procyon, casts 
doubt on the validity of this character. There is minimal wear on the tooth; a very small, shallow 
wear surface is present where the metaconule would be but not enough to cause the total loss of 
the metaconule, had it been there. Also, the crista that normally descends off of the metacone and 
would connect to the metaconule is truncated by a distinct groove. 
On the P4, there is no crista between the hypocone and paracone, as it is separated by a 
deep groove, and there is no basin at the lingual intersection of the hypocone and protocone. 5 
hundred twenty individual P4s and M1s from 130 Procyon skulls, representing the entirety of the 
continental United States and Central America from the USNM and the AMNH were examined, 
and of those, only 5 showed any morphological similarity to Procyon sp. nov.(a). Not a single 
specimen had a reduced metaconule such as in UF 243697, including those with considerable 
wear. 4 modern specimens were lacking the lingual basin on the P4, but all possessed the hypo-
paracone crista (USNM 050982, 80301, 255053, 267381) and 1 specimen (USNM 057839) was 
lacking the crista but possessed the lingual basin. No specimen of P. lotor was found that 
possessed the metaconule apomorphy, or both of the 2 P4 characters of Procyon sp. nov. (a).  
A right mandible is referred to Procyon sp. nov. (a) because it is from the same locality 
and has dental morphology unlike that of P. lotor and Procyon sp. nov. (b). Though the teeth are 
extremely worn, the overall shape of the m1 is distinct (Fig 16) and the premolars are more 
robust than those of P. lotor and Procyon sp. nov. (b). The m1 (UF 243837) has an entoconid 
42 
 
that extends considerably more posteriorally than the hypoconid (Fig 16). This is significant 
because P. lotor has a hypoconid that is more posterior than the entoconid, and Procyon sp. nov. 
(b) has a hypoconid and entoconid almost equal in length (Fig 16). 
 
Figure 15: M1 of (A) USNM 73488 Procyon lotor compared to M1 of (B) UF 243697 Procyon 
sp. nov. (a). ‘a’ points to the groove that truncates the descending crista of the metacone, ‘b’ 
points to the reduced metaconule, ‘c’ points to the absence of the crista between the hypocone 
and paracone, and ‘d’ points to the absence of the lingual basin between the protocone and 
hypocone. Scale = 1cm. 
 
 
Figure 16: Right P4 (A) and referred m1 (B) of Procyon sp. nov. (a). The P4 (A) shows the same 
distinguishing characters as UF 243697 (Fig 15). ‘a’ points to the absence of the hypocone-
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paracone crista while ‘b’ points to the absence of the lingual basin. Specimen in private 
collection- lent by Andreas Kerner for photographing. The m1 of UF 243837 (B), and 
consequently the mandible it is located in, is referred to Procyon sp. nov. (a) because, despite 
being heavily worn, has a considerably different shape than (B) P. lotor and (C) Procyon sp. nov. 
(b). Scale = 1 cm. 
 
Procyon sp. nov. (b). Though size is not a good specific character by itself, it is worth 
noting that this fossil Procyon is significantly larger than modern P. lotor (differences of group 
means between fossil and modern Procyon is statistically significant (p<.001) (Figs 17-19). The 
humeri have more expanded medial epicondyles (Fig 20), slightly larger than extant P. lotor but 
not to the extent of Nasua, tibiae of the fossil specimens have an enlarged tibial tuberosity that is 
not prominent modern Procyon (Fig 21), and the medial expansion of the radius is more 
prominent (Fig 22). Currently, there seems to be a wide variation of sizes in this species, with 
some of the humeri representing individuals of roughly the same size as the maximum size range 
of extant P. lotor while some are considerably larger. Despite the sizes of some specimens being 
similar to very large specimens of extant P. lotor, the vast majority still display the expanded 
medial epicondyle.  
 
 
Figure 17: Plot of maximum widths of the distal humerus. Note how Procyon sp. nov. (b) does 
fit on a gradient with the smaller specimens of Procyon sp. nov. (b) overlapping slightly with the 
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largest specimens of P. lotor. The widest specimen of P. lotor (AMNH 243102) is remarkably 
broad and should be considered an outlier of its species.  
 
 
Figure 18: A single humerus of Procyon lotor scaled to show the large size of Procyon sp. nov. 
(b) as compared to modern P. lotor and P. cancrivorus. A is a hypothetical humerus, based on 
the width of the semilunar notch of UF/TRO 3763. B is scaled from the distal humerus UF 
45338. C is a male P. cancrivorus AMNH 215129. D AMNH 146544 is remarkably large for the 
species, being 3 mm longer than the next longest humerus (AMNH 243102 from Fig 17). E is the 
average of 45 P. lotor humeri from across the continental United States. Scale = 10 cm.  
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Figure 19: A selection of the sample of Procyon sp. nov. (b) showing the notable size difference 
between the fossil taxon and the largest Procyon lotor specimens available in the ETVP 
collections (circled letters). Note the large size of the juvenile specimens D and E compared to 
the fully fused adult P. lotor (C). D, in fact, still has a distal epiphyseal suture visible, indicating 
that it is very young (Fig 20). G is not the largest possible humerus as it is smaller than the 
humerus that would have articulated with the large ulna (O). (A) UF 245133, right femur; (B) 
ETVP 7000, right femur; (C) ETVP 7000, right humerus; (D) UF/TRO 3761, left humerus; (E) 
UF 49363, right humerus; (F) UF 49361, left humerus; (G) UF 45338, right humerus;  (H) ETVP 
77, left calcaneum; (I) UF 18079, juvenile left calcaneum; (J) UF 271826, right calcaneum;  (K) 
ETVP 77, right calcaneum; (L) UF 45339, right tibia; (M) UF 18078, left tibia; (N) ETVP 7000, 
right tibia; (O) UF/TRO 3763, right ulna; (P) ETVP 7000, right ulna. Scale = 10 cm.  
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Figure 20: Distal humeri of (A) Procyon lotor USNM 144069 compared to (B) Procyon sp. nov 
(b) UF/TRO 3761 showing the inflated medial epicondyle in the fossil species. Also notice the 
unfused distal epiphyseal suture of B. Scale = 1 cm. 
 
 
 
Figure 21: Tibiae of Procyon sp. nov. (b) compared to extant P. lotor and Nasua. (A) Procyon 
sp. nov. (b) UF 18078, (B) Procyon sp. nov. (b) specimen in private collection, lent by Andreas 
Kerner for photographing, (C) Procyon lotor USNM 245645, and (D) Nasua nasua AMNH 
214725. Not to scale.  
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Figure 22: Distal radii showing the exaggerated medial expansion of Procyon sp. nov. (b). (A) 
Procyon lotor ETVP 7000 next to (B) Procyon sp. nov. (b) UF 243557 and (C) Procyon sp. nov. 
(b) specimen in private collections (lent by Andreas Kerner for photographing). Scale = 1 cm. 
 
Unfortunately, there are no distinct dental apomorphies for Procyon sp. nov. (b), but 
there are enough differences in the dentition and postcrania to warrant a new species. Compared 
to P. lotor, the anterior and posterior basins on the p4 are reduced and shallower, the metaconid 
and hypoconid are inflated to meet in the middle, rather than being separated by a wide valley, 
the protoconid is more expanded, making the lingual edge convex, instead of concave, and the 
tip of the protoconid is more posteriorly angled (Figs 23, 24). On the m1, the trigonid is more 
expanded anteroposteriorly, paraconulid is more pronounced, and the valleys between metaconid 
and entoconid are wider and more depressed (Fig 26). On the m2, the trigonid basin is reduced 
anteroposteriorly, the protoconid is more inflated, there is a distinct groove in the trigonid basin 
instead of a smooth valley, and the hypoconulid is expanded posteriorly (Fig 27). Procyon sp. 
nov. (b) occupies a size intermediate between extant P. lotor and P. cancrivorus (Fig 28). This is 
expected due to the considerable enlargement of P. cancrivorus molars for grinding and crushing 
harder material than P. lotor. Procyon sp. nov. (b) molars do not display any of the inflation 
characteristic of P. cancrivorus but are rather a larger size than P. lotor. 
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Figure 23: Lingual views of (A) Procyon lotor ETVP 1511 p4 and (B) Procyon sp. nov (b) UF 
240248 p4. Note the inflation of the metaconid and hypoconid of Procyon sp. nov (b) relative to 
P. lotor, the more concave posterior border of the protocone, and the shallow anterior and 
posterior basins. Scale =5 mm. 
 
Figure 24: Posterior views of p4s of (A) Procyon lotor ETVP 1511, and (B) Procyon sp. nov (b) 
UF 263220. Note inflation of the protoconid and inflation and appression of the hypoconid and 
metaconid in Procyon sp. nov. (b). Scale=5mm. 
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Figure 25: Occlusal views of (A) Procyon lotor ETVP 1511, and (B) Procyon sp. nov (b) UF 
258912 m1. Note the more anteroposteriorly expanded trigonid, and the pronounced paraconulid. 
Scale = 5 mm. 
 
Figure 26: Occlusal view of m2s of (A) Procyon lotor ETVP 1511, and (B) Procyon sp. nov. (b) 
UF 271825.  Note the anterior reduction of the trigonid basin, the inflation of the protoconid, the 
distinct groove in the trigonid basin and the more posteriorly expanded hypoconulid. Scale = 5 
mm.  
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Figure 27: Bivariate plot of M1 lengths and widths. Procyon sp. nov. (a) and Procyon sp. nov. 
(b) both occupy a space generally between the largest P. lotor and smallest P. cancrivorus but 
with some overlap. 
 
Procyon sp. nov (b) fossils from the Blancan are similar to (though distinct from) P. lotor 
in morphology, and similar to P. cancrivorus in size. However, the differences in the humerus 
and tibia morphology suggest that Procyon sp. nov. (b) was behaving somewhat differently than 
P. lotor and P. cancrivorus. Based on the expansion of the medial epicondyle and enlarged tibial 
tuberosity, comparison to other species with such morphology, such as Nasua and other 
terrestrial species like Lynx rufus, it seems probable that Procyon sp. nov. (b) may have been 
more terrestrial than P. lotor.  
A maxillary fragment with P4, M1, M2, and a fragment of the zygomatic arch, with a 
preserved preorbital foramen (UF 238043) is the most complete cranial material yet found. The 
preorbital foramen of this specimen has a small splint of bone that separates the foramen into 2 
separate foramina; rare, though present, within P. lotor.   
51 
 
Nasua sp. nov. A mandible of a new species of Nasua is identified from Santa Fe 8C (Fig 
28). As with Procyon sp. nov. (a), the apomorphies of Nasua sp. nov. will be discussed first. On 
the m1, there is a cusp on the labial side of the tooth between the protoconid and the hypoconid 
that is not found in any modern Nasua (Fig 29). On the p4, the hypoconid is separated from the 
protoconid by a shallow valley, while the modern Nasua has a distinct, deep valley with a small 
crista and a depression on the labial side of the tooth (Fig 30). The p4 of UF 240248 (Fig 31) can 
be distinguished from the early Blancan Nasua pronarica (Dalquest 1978) in having a reduced 
hypoconid separated by a shallow, more broad valley, heel enlarged posteriorly to form a basin 
and the presence of a small, lingual, anterior basin. 
 Besides those apomorphies, other characters include the trigonid of the m1 being 
anteroposteriorly compressed resulting in close appression of the metaconid and paraconid, the 
protoconid of the m1 being inflated and shifted lingually, the talonid basin being smaller and 
deeper on the p4 and a larger trigonid depression on the p4. 
 
Figure 28: UF 240248, Nasua sp. nov. mandible with p4 and m1, and alveoli for c1, p1-3, and 
m2 in labial view. Scale = 1 cm.  
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Figure 29: Occlusal views of m1s of (A) AMNH 2147238 Nasua narica (A) and (B) UF 240248 
Nasua sp. nov.. Note the appression of the paraconid and metaconid, the lingual expansion of the 
entoconid, the inflation and lingual rotation of the protoconid. Arrow indicates the large 
accessory cusp on the labial side. Scale = 5 mm. 
 
 
 
Figure 30: Labial views of the p4s of 3  species of Nasua. (A) AMNH 93669 Nasua narica, (B) 
UF 240248 Nasua sp. nov.,(C) MSU 8657 Nasua pronarica holotype (from Dalquest 1978) 
showing the variability in the hypoconid among the species. Scale = 5 mm.  
 
UF 240248 can be distinguished from Paranasua by having a more crowded dental row, 
a longer diastema between the canine and p1, lacking a posterointernal cingulum on the p4, with 
a posterior basin bordered by 2 small posterolabial and posterolingual cusplets instead, absence 
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of anterior cingulum on p4, anterior cusplet of p4 connected to hypoconid by crista, p1 alveoli 
equal in Nasua sp. nov., while the posterior alveolus of the p1 in P. biradica is larger than the 
anterior alveolus, and a generally more gracile mandible (Fig 29). 
 
 
Figure 31: (A) UF 24829 Paranasua biradica holotype, (B) UF 240248 Nasua sp. nov., and (C) 
Nasua nasua AMNH 214722. Differences between all 3  specimens are readily apparent; 
Paranasua has a more widely spaced toothrow, more reduced m2 and a broad cingulum on the 
p4, while Nasua is missing the accessory cusp on the m1 that is found in Nasua sp. nov., has a 
wider diastema between c1 and p1, a more anteroposteriorly expanded m1, and a more inflated 
hypoconid separated from the protoconid by a valley. Scale = 1 cm. 
 
Nasua sp. nov. is similar in size to extant female Nasua, and in fact, is likely to be female 
itself. Because Nasua are so sexually dimorphic in their mandibles (Fig 32), it can be said fairly 
confidently that this specimen, with its gracile body and small canine alveolus, is female. 
Though this cannot be confirmed without a baculum, it is more parsimonious to suggest that the 
fossil species was at least similarly sexually dimorphic, than to suggest that it was not dimorphic 
at all.  
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Figure 32: (A) Male Nasua AMNH 93668, compared to (B) female Nasua AMNH 91173 
showing extreme dimorphism of the mandible. Scale = 1 cm.  
 
One mandible, UF 217535, has very unusual morphology. The teeth are worn flat and 
unfortunately cannot be used for identification, but the morphology is strongly reminiscent of a 
male Nasua. A seemingly double rooted p1 alveolus is present but the posterior “root” of the 
alveolus might be a taphonomic feature. Occasionally, Nasua specimens may not have a double 
rooted p1, so this does not preclude the possibility that this specimen may be Nasua, though the 
presence of a double rooted p1 would more strongly support a Nasua identification. Overlaying 
outlines of the mandibles supports the overall morphology being Nasua (Figs 33, 34), but the 
proportions of the m1 and m2 are unusual for both Procyon and Nasua in that the m1 is longer 
relative to m2 in UF 217535. Future work is needed on this specimen to determine if it is indeed 
a male example of Nasua sp. nov.  
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Figure 33: UF 217535 (black outline) overlain by a standard male Nasua nasua mandible (red 
outline) showing general similarities in morphology.  Red outline has been scaled up to match 
the proportions of UF 217535’s m2. 
 
 
Figure 34: UF 217535 (black outline) overlain by a standard male Procyon lotor mandible (blue 
outline) showing the notable inconsistencies in morphology. Blue outline has been scaled up to 
match the proportions of UF 217535’s m2.  
 
A humerus (UF 240249), not associated with the mandible, was also found at Santa Fe 
River 8C (Fig 35). This humerus is clearly Nasua in morphology, but is slightly different from 
extant Nasua narica or Nasua nasua in morphology. The most apparent difference is the 
relatively reduced medial epicondyle. It is still expanded, as is typical of Nasua, though not to 
the same degree. As with the medial epicondyle, the trochlea and capitulum are more 
compressed in Nasua sp. nov. This taxon was certainly digging and climbing like the modern 
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coati, though the morphology, and therefore likely the behavior as well, has become more 
exaggerated since the Blancan. In some specimens, the lateral supracondylar ridge is 
significantly larger than Nasua sp. nov. but this character is variable. The trend is that extant 
Nasua has larger lateral supracondylar ridges, but this should not be considered an infallible 
specific character. There is considerably more rotation of the diaphysis in extant Nasua as well.  
 
Figure 35: Posterior view of (A) AMNH 214716 Nasua narica, and (B) UF 240249 Nasua sp. 
nov. Lateral supracondylar ridge and medial epicondyle of Nasua sp. nov. are reduced relative to 
Nasua narica and the diaphysis is also less curved in Nasua sp. nov. Scale = 1 cm.  
 
 
All confirmed Nasua material has been collected from Santa Fe River 8C. However, UF 
238044, a sacrum, last lumbar vertebrae and fragment of the ilium and ischium from Haile 7G is 
more like Nasua in morphology than Procyon (Fig 36). Morphological characteristics that 
suggest Nasua instead of Procyon are the elongated neural spines, and the more rounded shape 
of the spinal canal, the sharper angle of descent of the lumbar spines and the more broadly 
separated prezygopophyses. Elongate neural spines likely provide an anchor for tendons and 
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muscles that help hold the tail erect while foraging, as modern Nasua does (Gompper 1995). The 
most distinguishing trait of Nasua sacra is the distinct lateral elongation of the inferior lateral 
angle, which Procyon does not have. Unfortunately, this structure has been broken off on both 
sides of the fossil sacrum, and no confirmation of its presence can be made. It appears that the 
broken edge would have continued laterally, but this cannot be proved. Also, Haile 7G and Santa 
Fe River 8C are very close, geographically, and thus the presence of Nasua at both sites is not 
unexpected. 
 
Figure 36: Sacra of (A) Procyon lotor ETVP 7000 (B) Nasua narica AMNH 93668 (C) Nasua 
sp. nov. UF 238044. Note the elongate posterior neural spines (right pointing arrows) and the 
elongation of the inferior lateral angle of Nasua relative to Procyon (left pointing arrows). Scale 
= 1 cm. 
  
Landmark Analyses 
M1s. When the landmarks of the Procyon spp. M1s are analyzed in SPSS, the PCA does 
not explain much about the relationships. In fact, the PCA shows no clear relationships among 
any of the species, and thus the Florida fossils and P. rexroadensis are not separated from the 
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morphospace occupied by P. lotor and P. pygmaeus. Because of this, no PCAs were kept in this 
discussion, and the M1 will be analyzed based on SDA only.  
For the SDA of the M1s (Fig 37), with P. cancrivorus in the sample, and P. rexroadensis 
treated as a known species, P. rexroadensis was well separated with low scores on the first axis, 
while P. cancrivorus was at the other extreme of the first axis. This is not surprising, because the 
analysis is forcing P. rexroadensis to separate. All of the P. lotor specimens are in between P. 
cancrivorus and P. rexroadensis. Procyon pygmaeus groups closely to P. lotor. 1 of the Florida 
fossils plots directly in the center of the P. lotor morphospace, but other fossils plot outside, or 
on the boundary of said morphospace.  
 
Figure 37: Stepwise discriminant analysis of M1s treating Procyon rexroadensis as a known and 
with P. cancrivorus in the sample. Procyon rexroadensis is separated from the rest of the sample, 
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but this is due to it being classified as a separate species for the purpose of the analysis. The 
fossil M1s vary considerably, with some specimens plotting farther away from the P. lotor 
sample than others, indicating a larger amount of variation. 
  
When P. cancrivorus is removed from the sample (Fig 38), the relationships are 
maintained, just with lower positive scores and higher negative scores. Procyon pygmaeus, with 
the removal of P. cancrivorus, is no longer driven into the P. lotor morphospace and thus plots 
with slightly higher negative scores on the second axis. 
 
Figure 38: Stepwise discriminant analysis of M1s treating Procyon rexroadensis as a known and 
with P. cancrivorus removed from the sample. Procyon rexroadensis is again driven away from 
the P. lotor sample by the analysis, while the removal of P. cancrivorus allows for some wider 
separation of the fossil M1s. 
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When P. rexroadensis is treated as an unknown and P. cancrivorus is in the sample (Fig 
39), the axes are reversed. Procyon cancrivorus and P. pygmaeus plot well outside of the P. lotor 
morphospace, though 1 P. rexroadensis specimen plots entirely within the P. lotor space, and the 
second P. rexroadensis plots on the edge of the boundary. The same 3  Florida fossils plot 
outside of the P. lotor morphospace.  
 
Figure 39: Stepwise discriminant analysis of M1s treating Procyon rexroadensis as an unknown 
and with P. cancrivorus in the sample. When P. rexroadensis is not defined as a separate species, 
it plots within the P. lotor morphospace. 3  of the fossil M1s are outside the P. lotor 
morphospace, though 1 is on the boundary.  
 
When P. cancrivorus is removed from the sample and P. rexroadensis is treated as an 
unknown (Fig 40), a single axis is kept, with P. pygmaeus high on the axis, and P. lotor low on 
61 
 
the axis. Procyon sp. nov. (b) plots just outside the boundary of P. lotor, though is still located 
very close spatially, indicating that the morphology is very similar. Procyon rexroadensis on the 
other hand, plots entirely within the P. lotor morphospace.  
 
Figure 40: Stepwise discriminant analysis of M1s treating Procyon rexroadensis as an unknown 
and with P. cancrivorus removed from the sample. P. rexroadensis falls completely inside the P. 
lotor morphospace, while Procyon sp. nov (b) falls barely outside P. lotor. 
 
Anterior Distal Humeri. Potos flavus was removed from all of the following analyses 
because it is so distinct morphologically, it tends to drive the results and have too large an effect 
on the analysis. A PCA run on the remaining groups (Fig 41) clearly separates Nasua from 
Procyon. The Florida fossils occupy the entirety of the P. lotor morphospace, but then continue 
into higher scores than P. lotor and P. cancrivorus attain, and extend further along the first axis, 
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approaching the Nasua space, more so than P. lotor does. Nasua sp. nov. plots in the Nasua 
space, as expected.  
 
Figure 41: Principal components analysis of anterior distal humeri landmarks. Procyon separates 
well from Nasua, though P. cancrivorus and P. lotor are not naturally separated, indicating a 
lack of morphological difference between the 2 species. Nasua sp. nov. plots within the Nasua 
morphospace, while Procyon sp. nov. (b) has a wide variation of morphology, with some 
specimens plotting towards the Nasua space, and extending away from the P. lotor morphospace, 
though there is considerable overlap. 
  
An SDA (Fig 42) reverses the first axis, with the large medial condyle at the low scores, 
and smaller medial condyles on the high scores. Procyon cancrivorus has the highest scores on 
the second axis, while the Florida fossils range from above the P. lotor morphospace to below it. 
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The Florida fossils also have greater variation along the first axis, with some having as high or 
higher scores and some having lower scores.  
 
Figure 42: Stepwise discriminant analysis of anterior distal humeri landmarks. Running an SDA 
allowed for greater separation of the species. P. cancrivorus is separated from P. lotor, and 
Procyon sp. nov. (b) covers the range between P. cancrivorus and P. lotor. Nasua sp. nov. plots 
within the Nasua morphospace.  
 
Removing Nasua from the PCA (Fig 43) allows further separation of the Florida fossil 
from the P. lotor morphospace. The first axis only accounts for 17.1% of the variation. The 
Florida fossils occupy a morphospace with generally higher axis 1 scores than P. lotor. The 
second axis, accounting for 15.4% and the Florida fossils occupy almost the entire axis, with 
lower scores being attained by only 2 specimens of P. cancrivorus. 
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Figure 43: Principal components analysis of anterior distal humeri with Nasua removed from the 
sample. Removing Nasua from the sample allows for greater separation of P. cancrivorus from 
P. lotor since Nasua is no longer driving the analysis. Procyon sp. nov. (b) covers the entirety of 
the P. lotor and P. cancrivorus morphospace.  
 
Removing Nasua from the SDA (Fig 44) drove almost all of the Florida fossils into the P. 
lotor morphospace, with only 4 UF specimens outside the range of variation, but not completely 
separated. 2 specimens of P. cancrivorus are completely separated from the bulk of the 
specimens.  
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Figure 44: Stepwise discriminant analysis of anterior distal humeri landmarks with Nasua 
removed from the sample. Procyon sp. nov. (b) generally falls within the P. lotor morphospace.  
 
Posterior Distal Humeri. Running a PCA on the landmarks of the posterior distal humeri 
(Fig 45) resulted in some separation of the species, but not as strong of separation as some other 
analyses. Nasua is separated from Procyon by the first axis, with Nasua having higher scores, 
and Procyon having lower scores. Axis 1 accounts for only 33.4% of the variance, and axis 2 
accounts for 9.8% of the variance. The fossil species overlap P. lotor completely, except for the 
fossil Nasua which plots within the Nasua morphospace, though more on the outskirts than in 
other analyses. Removing Nasua (fossil and modern) from the sample allows Procyon to spread 
out more along the first axis, but does not improve separation of the species. Indeed, axis 1 
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accounts for only 16.2% of the variance, while axis 2 accounts for 13.6%. No clear separation of 
any of the species is found in this analysis. As with the PCA with Nasua in it, adding in the third 
axis (accounting for 10.0% of the variance) did not separate species. 
 
Figure 45: Principal components analysis of posterior humeri landmarks. The posterior humerus 
provides less separation of the groups, indicating a higher level of morphological variation. 
Nasua sp. nov. plots much closer to P. lotor in this analysis, while Procyon sp. nov. (b) no longer 
shows the greater range that is seen in the PCA of the anterior humeri landmarks (Fig 41).  
 
An SDA on the sample (Fig 46) significantly improved separation of Nasua from 
Procyon. The fossil Nasua plots within the Nasua morphospace, as expected. Procyon is limited 
to values between 0.0-3.0 on the first axis, which runs from -7.5 to 3.0, but has specimens in a -
3.0 to +2.0 range on the second axis. However, it must be noted that axis 2 accounts for only 
3.2% of the variance, and cannot be considered diagnostic.  
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Figure 46: Stepwise discriminant analysis of posterior humeri landmarks. Species show greater 
separation in the SDA, as compared to the PCA, but P. lotor and P. cancrivorus show extremely 
varied and widespread groupings. Nasua sp. nov. (b) plots more securely within the Nasua space, 
and Procyon sp. nov. overlaps completely with P. lotor.  
 
Ventral Distal Humeri. When a PCA is run on the ventral landmarks of the distal 
humerus (Fig 47), the first 2 axes account for only 45.87% of the variance. The first axis 
separates all of the Nasua specimens from Procyon, fossil or modern. Nasua sp. nov plots in the 
Nasua morphospace. Generally, the Florida fossils have similar, though slightly lower axis 1 
scores than typical P. lotor. The Florida fossils, however, tend to have higher axis 2 scores than 
P. lotor. 
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Figure 47: Principal components analysis of landmarks of ventral view of distal humeri. The 
ventral view of the distal humerus allowed for strong separation of the groups. Nasua is well-
separated from Procyon, and Nasua sp. nov. fits comfortably into the Nasua morphospace. 
Procyon sp. nov. (b) barely overlaps with P. lotor or P. cancrivorus.  
 
When an SDA is run on the landmarks of the distal humerus (Fig 48), the axes are 
reversed. The Florida fossils tend to have higher axis 1 scores than P. lotor, but are also 
extremely variable, even sometimes approaching the Nasua morphospace.  
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Figure 48: Stepwise discriminant analysis of landmarks of ventral view of distal humeri. This 
analysis allowed for greater separation of the Nasua specimens, though Nasua sp. nov. is still 
closely associated with extant Nasua. Procyon lotor was quite variable, but not nearly to the 
extent seen in Procyon sp. nov. (b), which covers an extremely wide ranging morphospace.  
 
Removing Nasua from the sample for the PCA (Fig 49), causes the first axis to account 
for only 20.23% of the variance. Fossil Procyon reaches higher axis 1 scores than P. lotor and P. 
cancrivorus. Axis 2 corresponds to 12.37% of the variance, and the Florida fossils have axis 2 
scores entirely within the range of variation for P. lotor.  
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Figure 49: Principal components analysis of ventral view of distal humeri landmarks with Nasua 
removed from the sample. Removing Nasua from the analysis does not change the relationships 
of Procyon considerably, but does reduce the separation of Procyon sp. nov. (b) from P. lotor.  
 
An SDA of the distal humeri landmarks without Nasua in the sample (Fig 50) plots 
nearly all Florida fossils within the P. lotor morphospace. 
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Figure 50: Stepwise discriminant analysis of ventral view of distal humeri landmarks with Nasua 
removed from the sample. Procyon sp. nov. (b) overlaps strongly with P. lotor. 
 
Proximal Tibiae. No Potos flavus were included in this analysis due to its morphological 
distinction. When a PCA was run on the landmarks of the proximal tibiae (Fig 51), the separation 
is less distinct than for other skeletal elements. The first 2 axes correspond to only 41.28% of the 
variance. In the PCA, Procyon cancrivorus, does not achieve as high axis 1 scores as P. lotor, 
and Nasua has lower axis 1 scores, though its axis 2 scores are similar to P. lotor. The fossil tibia 
plots near to P. cancrivorus and P. lotor. 
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Figure 51:  Principal components analysis of proximal tibiae landmarks. Proximal tibiae do not 
separate Procyon well, but provide some separation of Nasua. Procyon sp. nov. (b) plots near to 
the P. lotor morphospace and closest to a specimen of P. cancrivorus.  
 
The DA (Fig 52) is not normally discussed in this research; however in this instance, it is 
important to see how the different analyses affect the placement of this fossil, and to illustrate the 
necessity of taking all analyses into consideration before drawing conclusions. Procyon sp. nov. 
(b) plots far from all other species and is in fact driving the analysis.  
73 
 
 
Figure 52: Discriminant analysis of proximal tibiae landmarks. The discriminant analysis 
separates the groups very well, as is expected, but Procyon sp. nov. (b) plots far from all other 
groups, indicating its morphological uniqueness.  
 
In the SDA (Fig 53), however, Procyon sp. nov. (b) plots equidistantly from Nasua and 
P. cancrivorus.  It is however, classified as Nasua which is not surprising, given the large tibial 
tuberosity.  
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Figure 53: Stepwise discriminant analysis of proximal tibiae landmarks. In this analysis, Procyon 
sp. nov. (b) is classified as Nasua instead of as either species of Procyon, though it plots closely 
to P. cancrivorus. 
 
Mandibles. For the mandible analyses, male and female specimens of Nasua were 
categorized as separate because of the high degree of dimorphism between them. When a PCA is 
run on the landmarks placed on the mandibles (Fig 54), the first 2 axes account for only 65.6% of 
the variance. Axis 1 accounts for 47.2% of the variance while axis 2 accounts for 18.4%. Female 
Nasua occupy a space with variable scores along the first axis, but consistently high scores on 
axis two. Male Nasua are located in a space with only negative axis 1 scores, though their axis 2 
scores are variable. Procyon rexroadensis is quite variable, with 1 specimen plotting between the 
male and female Nasua, with a specimen of Procyon sp. nov. (b). The other specimen of P. 
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rexroadensis plots with much higher axis 1 scores and much lower axis 2 scores, in the space 
occupied by P. lotor and P. cancrivorus. 1 Florida fossil, UF 271353, plots near to P. 
rexroadensis, along with the upper end of the range of the male coatis and the lower end of the 
range of the female coatis. This supports the suggestion that this specimen may possibly be 
Nasua.  Other fossils overlap the morphospace occupied by female coatis, and nearby the upper 
end of the range of variation of P. lotor.  
 
Figure 54: Principal components analysis of mandible landmarks. Mandibles provide some 
separation of the groups, and were able to separate male and female Nasua. Procyon was quite 
variable, with specimens of P. lotor and P. cancrivorus overlapping considerably. Procyon sp. 
nov. (b) and other fossil specimens are variable as well, with Nasua sp. nov. plotting with Nasua, 
while others plotted with P. lotor as well as female Nasua. P. rexroadensis is also highly 
variable, with 1 specimen plotting with P. lotor and P. cancrivorus and 1 specimen plotting with 
Nasua. 
 
An SDA of the landmarks of the mandibles (Fig 55) shows similar relationships, though 
the axes tend to become reversed. 3  of the Florida fossils plot within the P. lotor and P. 
cancrivorus morphospace. UF 240248 plots within the female Nasua. Procyon rexroadensis, 
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being treated as a separate species, separates from the group, though UM 29646 is located very 
close to the P. lotor morphospace. 
 
Figure 55: Stepwise discriminant analysis of mandible landmarks. Procyon rexroadensis is 
treated as a known and separates loosely from the Procyon  morphospace. Male and female 
Nasua separate well, and Nasua sp. nov. plots within the females. Procyon sp. nov. (b) has a 
wide range of variation and little can be said about its relationships. However, UF 217535 does 
not plot near to the male Nasua sample, as was expected.  
 
When P. rexroadensis is treated as an unknown in the SDA (Fig 56), UM 26997 plots 
away from the other procyonids, with lower axis 1 scores and higher axis 2 scores, though UM 
29646 nests on the boundary of the P. lotor space. Procyon sp. nov. (b) do not group particularly 
differently from the P. lotor. Nasua sp. nov. plots with the female Nasua again, supporting the 
original identification.  
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Figure 56: Stepwise discriminant analysis of mandible landmarks with P. rexroadensis treated as 
an unknown.  Procyon sp. nov. (b) has a wide range of variation, with some specimens plotting 
close to the P. lotor morphospace, but UM 26997 plots as distinctly different from Procyon. 1 
specimen of P. rexroadensis plots within the P. lotor morphospace, but 1 does not, showing the 
wide variation between these specimens.  
 
Nasua (fossil and modern) was removed from the analysis, and a PCA was run (Fig 57). 
The first axis accounts for 24.96% of the variance while axis 2 accounts for 21.62% of the 
variance. UM 2 plots the farthest from the P. lotor and P. cancrivorus morphospace, near to UF 
217535.  1 specimen of P. rexroadensis plots entirely inside the P. lotor morphospace, and the 
other 3  Florida fossils also plot within the range of variation for P. lotor. 
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Figure 57: Principal components analysis of mandible landmarks with Nasua removed from the 
sample. Removing Nasua from the sample allows 1 specimen of P. rexroadensis to plot entirely 
within the sample of P. lotor, while the other specimen now plots closer to P. lotor than before. 
Procyon sp. nov. (b) plots on the boundary. 
 
When an SDA is run on the Procyon sample and P. rexroadensis is treated as a known 
(Fig 58), the first axis accounts for 74.1% of the variance and axis 2 accounts for 25.9% of the 
variance 
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Figure 58: Stepwise discriminant analysis of mandible landmarks with Nasua removed from the 
sample and Procyon rexroadensis treated as a separate species. P. rexroadensis separates from 
the extant Procyon morphospace, while Procyon sp. nov. (b) generally overlaps with the extant 
Procyon. UF 217535 separates very slightly from the group, supporting its possible Nasua  
identification. 
 
Treating P. rexroadensis as an unknown in an SDA of the landmarks with only Procyon 
in the sample (Fig 59), almost all of the fossils, including P. rexroadensis plot with no separation 
at all from the P. lotor and P. cancrivorus space. UF 217535 plots well away from the other 
mandibles.  
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Figure 59: Stepwise discriminant analysis of mandible landmarks with Nasua removed from the 
sample and Procyon rexroadensis treated as an unknown. When P. rexroadensis is not forced by 
the program to separate, it falls entirely within the extant Procyon morphospace. Procyon sp. 
nov. (b) also overlaps with extant Procyon, again with the exception of UF 217535, which is the 
possible Nasua specimen.  
Linear Measurement Analyses  
Distal Humeri. In the PCA run on the standardized linear measurements (Fig 60), the 
separation between species was well defined. Nasua and Procyon are split by axis 1 (which 
accounts for 66.33% of the variance. There are 2 P. lotor specimens that plot on the edges of the 
Nasua morphospace, but they are also separated from the P. lotor morphospace. Procyon lotor is 
incompletely separated from the fossil species, with some overlap. Procyon cancrivorus has 
more overlap with the fossil species. The fossil Nasua plots well within the Nasua morphospace, 
as expected, while the Procyon fossils extend further into the higher axis 2 scores than are 
achieved by Procyon or Nasua. 
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Figure 60: Principal components analysis of standardized linear measurements of distal humeri. 
Linear measurements separate the groups fairly well, with the exception of 2 specimens of P. 
lotor which plot into the Nasua morphospace. There is little overlap between the humeri of 
Procyon sp. nov. (b) and extant species of Procyon, suggesting distinct differences in their 
morphology.  
 
Removing Nasua (Fig 61)  from the sample allows for more distinct separation of the 
Procyon species. Procyon lotor and the fossil specimens are completely separated, except for a 
single fossil specimen that plots at the edge of the P. lotor morphospace. Procyon cancrivorus 
plots between P. lotor and the fossil Procyon. Neither axis 1 nor axis 2 adequately separate the 
species, but a diagonal line separates them almost completely. Axis 1 does account for only 
40.9% of the variance, while axis 2 accounts for 14.03%. 
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Figure 61: Principal components analysis of standardized linear measurements of distal humeri, 
with Nasua removed from the sample. Removing Nasua from the sample allows for greater 
separation of the Procyon species. Procyon sp. nov. (b) is completely separated from P. lotor and 
P. cancrivorus, again confirming its morphological dissimilarity.  
 
An SDA of the standardized linear measurements (Fig 62), again, separates the species 
very well. Axis 1 accounts for 96.0% of the variance. Nasua separated from Procyon completely, 
with the fossil Nasua plotting in the Nasua morphospace, as expected. The fossil species is not 
separated from P. lotor as well in the SDA as it does in the PCA, which is interesting, given that 
the fossil was treated as an unknown. Procyon cancrivorus again plots between P. lotor and the 
fossil Procyon, but there is considerable more overlap between fossils and P. lotor. Axis 2 
accounts for only 4.0% of the variance, and does not clearly separate much, except to say that the 
fossils tend to have axis 2 scores above the origin, while over half of P. lotor have axis 2 scores 
less than the origin.  
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Figure 62: Stepwise discriminant analysis of standardized linear measurements of distal humeri. 
Interestingly, an SDA does not separate the species remarkably more so than a PCA. Nasua is 
separated from all species of Procyon, and Nasua sp. nov. plots inside the Nasua morphospace. 
Procyon sp. nov. (b) occupies a relatively distinct space with lower axis 1 scores and similar axis 
2 than P. cancrivorus, and slightly lower axis 1 scores but higher axis 2 scores than P. lotor.  
 
Removing Nasua from the SDA (Fig 63) makes the fossil species plot with significantly 
more overlap of P. lotor than observed in the PCA. Some fossils do exceed the scores of P. 
cancrivorus and P. lotor, but many more fossils plot in the P. cancrivorus and P. lotor 
morphospace than did previously. Interestingly, the origin of the axis is directly inside the P. 
lotor group, rather than closer to the boundaries between species.  
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Figure 63: Stepwise discriminant analysis of standardized linear measurements of distal humeri 
with Nasua removed from the sample. 
 
Mandibles. For the linear measurements, Nasua was treated as a single group as the linear 
measurements did not capture much sexual dimorphism, as the dimorphism is mostly present in 
the posterior processes and the canines, while the body of the ramus which was most heavily 
measured is not subject to much dimorphism. In the PCA (Fig 64) of the standardized linear 
measurements of the mandibles, Procyon lotor displays a wide range of variation across both 
principal components. Procyon cancrivorus groups well with high axis 1 scores and low axis 2 
scores. Procyon pygmaeus plots entirely within P. lotor. P. rexroadensis plots within P. lotor 
along the first axis, but has slightly higher axis 2 scores than the majority of P. lotor. Procyon sp. 
nov. (b) also plots generally within the P. lotor morphospace. 1 specimen plots with lower axis 1 
scores than is attained by P. lotor but it is not far enough removed to suggest that it is outside the 
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range of variation of P. lotor. Nasua sp. nov. plots very close to the Nasua morphospace, as 
expected.  
 
Figure 64: Principal components analysis of standardized linear measurements of mandibles. 
Unfortunately, little can be said about Procyon sp. nov. (b) in this analysis, as it does not plot 
outside the range of variation of P. lotor.  
 
For the mandibles, the DA was kept because it reflects the remarkable differences of the 
Florida sample, relative to extant species (Fig 65). All 4 of the extant species cluster well, with 
the exception of Procyon cancrivorus, which splits across the first axis. When treated as an 
unknown, P. rexroadensis plots entirely within P. lotor. P. rexroadensis was not treated as a 
known species in this analysis due to conclusions drawn from previous analyses that all show P. 
rexroadensis as plotting with P. lotor when treated as an unknown. Interestingly, Nasua sp. nov. 
does not plot with Nasua for the first time. However, it is classified significantly as Nasua, 
which is expected (p<.001). Moreover, UF 217535, the possible male Nasua specimen is also 
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classified significantly as Nasua (p< .001). The Procyon sp. nov. (b) specimens typically were 
classified as P. cancrivorus, with the exception of UF 26997, which was classified as P. lotor. 
 
Figure 65: Discriminant analysis of standardized linear measurements of mandibles. The Florida 
specimens (Nasua and Procyon) plot quite differently from all extant species, though P. 
rexroadensis plots entirely within P. lotor.  
 
 In the SDA (Fig 66), 1 Procyon sp. nov. (b) specimen was classified as P. lotor, and UF 
240248 was classified as Nasua, but all other Procyon sp. nov. (b) specimens, UF 217535, and 
even P. rexroadensis were classified as P. pygmaeus. P. pygmaeus was consequently removed 
from the analysis to see where the specimens would plot without P. pygmaeus as an option. 
While the placement of the specimens in morphospace was not considerably different, the 
classification varied tremendously. In the absence of P. pygmaeus, all Florida specimens were 
classified as Nasua. P. rexroadensis was classified as P. lotor for both specimens.    
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Figure 66: Stepwise discriminant analysis of standardized linear measurements of mandibles. 
The SDA allows for decent separation of the groups, with P. rexroadensis plotting in the 
Procyon lotor morphospace, while the Florida fossils (Nasua sp. nov. and Procyon sp. nov. (b) 
plot more closely to Nasua morphospace.  
 
 Removing Nasua (extant and fossil) from the analyses moved Procyon sp. nov. (b) 
generally closer to the P. lotor morphospace for the PCA and certainly for the SDA. The PCA 
(Fig 67) performed less well than some other analyses at separating Procyon sp. nov. (b) from P. 
lotor. With the exception of a single specimen (UF 217535), none of the specimens are notably 
distinct from the P. lotor morphospace. P. rexroadensis, likewise, is not distinct from the 
morphospace either.  
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Figure 67: Principal components analysis of standardized linear measurements of mandibles with 
Nasua (extant and fossil) removed from the sample. With the exception of UF 217535, all of the 
Procyon sp. nov. (b) specimens plot quite close to the P. lotor morphospace. Procyon 
rexroadensis also plots out within the P. lotor morphospace.  
 
 The DA was kept in this analysis as it further demonstrates the morphological 
distinctness of Procyon sp. nov. (b) (Fig 68). With the removal of Nasua, the differences 
between the fossil and extant specimens become even more dramatic. Procyon sp. nov. (b) plots 
extremely far away from all other species of Procyon, including P. rexroadensis, to the extent 
that Procyon sp. nov. (b) is completely driving the analysis. One specimen of P. rexroadensis 
plots outside the P. lotor morphospace, while the other specimen plots entirely within it.  
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Figure 68: Discriminant analysis of standardized linear measurements of mandibles with Nasua 
removed from the sample. Procyon sp. nov. (b) is driving the analysis, demonstrating its 
morphological distinctness compared to extant species of Procyon.  
 
 Surprisingly, when an SDA is run (Fig 69), a single axis is kept with no separation 
between any of the species at all. Given the disparity between the species that is seen in the DA, 
the results of the SDA are anomalous. This analysis is one of the very few analysis that show 
absolutely no differences between extant P. lotor and Procyon sp. nov. (b).  
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Figure 69: Stepwise discriminant analysis of standardized linear measurements of mandibles 
with Nasua removed from the sample.  This is the only analysis that shows truly no difference 
between Procyon sp. nov. (b) and P. lotor. 
 
Lower Canine Width as Indicator of Sex 
After measuring 69 individuals, canine width correctly identified 92.5% (37/40) of males 
and 79.3% (23/29) of females. For P. cancrivorus, the relationship was found to hold true as 
well, but at a threshold of 5 mm, instead of 4 mm. For males, 100% (11/11) had canine widths of 
>5 mm, while 75% of females (12/16) had canine widths <5 mm.  
Distal Humeri as Indicator of Sex 
Attempting to separate the sexes in a PCA did not provide any results, though using DAs 
and SDAs did allow for notable separation. The DA and the SDA provided disparate results, 
with the DA distributing Procyon sp. nov. (b) into 47.4% males and 52.6% females (n=19: 9 
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males, 10 females) while the SDA resulted in 89.5% males and 10.5% females (n= 19: 17 males, 
2 females). However, the significance of the DA was p=.01 with 64.7% of the specimens 
correctly cross-validated, while the SDA resulted in p<.001 and 94.1% of the specimens being 
correctly cross-validated. 1 of the specimens classified as female is actually 1 of the largest of 
the Procyon sp. nov. (b) specimens, which may indicate that the dimorphism in morphology is 
different from extant P. lotor.  
Body Mass Estimation 
Predicted body mass for specimen UF 49361, the largest complete humerus of Procyon 
sp. nov. (b) is 8.56 kg. This is larger than the 5-7 kg average of P. lotor (Lotze and Anderson 
1979)) but certainly not outside the range of variation. Body mass of Nasua sp. nov. (UF 
240249) resulted in a mass estimate of 12.27 kg. This is considerably higher than the 2-8 kg 
average for extant Nasua narica (Gompper 1995), especially given the relatively small size of 
the Nasua sp. nov. humerus compared to extant Nasua specimens. This mass estimate surely 
constitutes a maximum possible value.  
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CHAPTER 5 
DISCUSSION 
Procyon rexroadensis 
After examining all specimens of Procyon rexroadensis except the missing holotype and 
comparing it to a large sample of modern P. lotor, I propose that P. rexroadensis be 
synonymized with P. lotor. Given the extreme plasticity of the molars of P. lotor, the presence of 
a more lingually shifted hypocone is not considered a strong enough character to warrant a 
distinct species, as all other dental morphology is identical, and the expanded hypocone is 
actually within the range of variation observed in P. lotor. The accessory cusp present on the 
right P3 of UM 37131 is an unusual, but not unheard of, genetic anomaly found in a small 
percentage of P. lotor specimens. This constitutes a significant temporal range extension for P. 
lotor, which is previously only confidently known from the Pleistocene in North America 
(Kurten and Anderson 1980) and from the Irvingtonian of Jalisco, Mexico (Ferrusquia-
Villafranca, 1978). 
Procyon sp. nov (a) 
This species, though consisting of only 3  known teeth, is considered to represent a new 
species of Procyon based on an apomorphy and 2 distinct characters, specifically the significant 
reduction of the metaconule on the M1, the lack of a crista between the hypocone and paracone 
on the P4, and the lack of the lingual basin between the hypocone and the protocone on the P4. 
Importance was noted earlier on being cautious about naming new species on few specimens, 
due to the possibility that genetic anomalies could distort perceptions about what is and is not 
new. However, I feel that it is unlikely that genetic abnormalities have caused the characters seen 
on all of these teeth. 
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As the species is based on only 2 specimens, and given that no other material is 
associated with these teeth, little more can be said. This specimen is roughly the same size as 
extant P. lotor. Further diagnosis of this species cannot be made until associated material is 
found. It may be that some of the smaller distal humeri or the mandible from Withlacoochee 1A 
belong to this species of Procyon, but that they are currently indistinguishable from the smaller 
humeri of the large species and unfortunately, the dentition in the mandible is worn completely 
flat.  
Procyon sp. nov (b) 
The sample of Blancan Procyon is believed to represent a second new fossil species, 
following the initial suggestions of Klein (1971), Webb and Wilkins (1984), and Berta (1995). 
No distinct dental apomorphies were found, which would be preferable to have to base a new 
species, though there are relative differences, and postcranial morphology is used to diagnose the 
species as well. Size is generally not thought of as a suitable character to define a species, but it 
is worth mentioning that the group means of the greatest width of the distal humerus are 
statistically significant (p< .001) between the fossil and extant P. lotor. This species has a greatly 
enlarged tibial tuberosity, a prominent mediodistal radial expansion and a slightly expanded 
medial epicondyle compared to modern P. lotor. Enlarged tibial tuberosities are often found in 
cursorial carnivorans (Heinrich and Rose 1997) and in the more terrestrial Nasua, which suggests 
that this species was more terrestrial than modern P. lotor. The presence of an expanded medial 
epicondyle suggests that this species may have exhibited some scratch digging or shredding 
behaviors like Nasua, which frequently dig holes and pries apart logs to pursue invertebrates for 
food (McClean 1995). Nasua tibiae may look very similar to the fossil Procyon, but Nasua 
displays fusion of the proximal tibia and fibula during adulthood, and no evidence of this can be 
94 
 
found in any of the tibiae of fossil Procyon. Aside from the postcrania, dental morphological 
differences can be found in the p4, the m1 and the m2, though differences in the upper dentition 
are less useful due to high levels of variation. The p4 has a reduced posterior basin, more inflated 
metaconid and hypoconids, and wider paraconid. The m1 has an expanded trigonid, pronounced 
paranconulid, and wider valleys between the metaconid and entoconid. The m2 has a reduced 
trigonid basin, an inflated protoconid, an expanded hypoconulid and a groove rather than a valley 
in the trigonid basin. 
Nasua sp. nov. 
This Nasua species is the first confidently known example of Nasua from the Blancan 
east of the Mississippi River. Nasua pronarica is known from the early Blancan of Texas 
(Dalquest 1978), an undifferentiated Nasua is known from the latest Blancan/ earliest 
Irvingtonian of California (Cassiliano 1999), and ?Nasua (UF 18920) is known from the 
Hemphillian of Florida (Baskin 1982). Examination of UF 18920 resulted in no reason to 
disagree with Baskin’s (1982) assignment, but it may be more likely that the specimen belongs to 
the Nasua sp. nov. reported here, instead of N. pronarica as he suggests. However, the specimen 
lacks a p1 alveolus, and has an infection of the m1 alveolus, which may or may not affect future 
identification. As stated by Baskin (1982), the shapes of the angular and articular processes are 
more reminiscent of Nasua, than Procyon, but further investigation will be needed. Future work 
should include this specimen into the landmark analysis of the mandibles. Specimen UF 90957 
labeled cf. Nasua sp. is known from the Hemphillian Bone Valley Formation of Florida, but 
examination of the specimen reveals it to be most likely Procyon rather than Nasua based on the 
single rooted p1, and shape of the ramus being more similar to Procyon.  
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The humerus of Nasua sp. nov. has a medial epicondyle that is less expanded than 
modern Nasua, which may imply a slightly less arboreal nature for this species. The sacrum from 
Haile 7G, which was found to be Nasua in morphology, is similar to modern Nasua but does 
have a slight difference in the fusion of the neural spines. The more anterior spines are partially 
fused together, while in extant Nasua they are all separate spines. However, this may be a 
variable character, and many more Nasua will need to be examined before this can be classified 
as a specific character. 
Discussion of Landmark Analyses 
M1s. The statistical analyses of the M1s do not indicate any major distinctions between 
the species. This is most likely due to the extreme variation of Procyon spp. M1s. Due to the 
landmark scheme, many differences in cusps are lost. For example, P. cancrivorus is easily 
distinguished from P. lotor due to the inflated accessory cusp anterior to the protocone, and UF 
243697 is similarly characteristic in the reduction of the metacone. These features are not 
captured in the landmark scheme used, and illustrate the otherwise conservative nature of 
Procyon molars. For the SDA of the M1s with P. cancrivorus and P. rexroadensis treated as a 
known (Fig 37) the first axis corresponds to a lingual inflation of the hypocone at low scores, and 
reduction of the hypocone at high scores. The Florida fossils are all typically distinct from P. 
lotor though not dramatically so. It is interesting that the morphospace of P. pygmaeus plots so 
far away from that of P. lotor in the analyses, when not driven by P. cancrivorus. Future work 
could examine a larger sample of P. pygmaeus dentition to see how its dwarfism has affected its 
dietary behavior, and in turn, its dentition. Procyon rexroadensis, when treated as an unknown, 
does not separate from P. lotor, confirming the assertion that the former species be synonymized 
with the latter.  
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Humeri. All of the analyses of the distal humeri result in the same general conclusion: 
There is morphological overlap between P. lotor and the Florida fossils, but generally the 2 
forms are distinct. The first axes invariably correspond to the expansion of the medial condyle. 
In the PCA of the anterior view (Fig 41), the second axis corresponds to a mediolateral change in 
the trochlea and capitulum, with high scores indicating a mediolaterally expanded capitulum, and 
low scores indicating a more mediolaterally compressed capitulum. In the SDA of the anterior 
view (Fig 42), the second axis no longer corresponds to a mediolateral compression of the 
capitulum. Instead, it corresponds to the medial migration of the trochlear groove. Roughly half 
of the fossil Procyon specimens attain much wider trochleae and capitulae than modern Procyon. 
The fossil Nasua plots consistently with extant Nasua. The analyses of the posterior distal 
humeri (Figs 45,46) are less effective than the anterior analyses at separating the species, and 
provide no alternate species distinctions to the anterior humeri, suggesting that posterior humeri 
are more variable and less morphologically significant than the anterior humeri.  
Strong groupings were achieved using the ventral view of the distal humeri. In the PCA 
(Fig 47) the first axis clearly corresponds to the medial expansion of the medial epicondyle, 
while the second axis relates to the anterior enlargement of the lateral edge of the trochlea and 
anterior rotation of the medial epicondyle, indicating that fossil Procyon have wider medial 
epicondyles and deeper olecranon fossae. Nasua sp. nov. plots in Nasua morphospace, as 
expected, though with a slightly smaller medial epicondyle. Removing Nasua from the sample 
changes the first axis from corresponding to the expansion of the medial epicondyle to 
corresponding to an anterior rotation of the medial epicondyle. The second axis corresponds to a 
posterior migration of the anterior surface of the trochlea. The Florida fossils tend to have higher 
axis 1 scores, indicating a more posteriorly rotated medial epicondyle. However, P. lotor 
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specimens can approach the same high first axis scores that some of the fossils have, suggesting 
that the Florida fossils may not be outside the range of possible variation for P. lotor.  In the 
SDA (Fig 48) the first axis again relates to the expansion of the medial epicondyle, while the 
second axis corresponds now to an increase in the angle of the capitulum toward the anterior of 
the humerus. Interestingly, the fossils are so spread out amongst the Nasua space, the P. 
cancrivorus space, and the P. lotor space, that when predicted groups are plotted, 4 specimens 
are classified as P. cancrivorus, 6 are classified as P. lotor and 3  are placed in Nasua. UF240249 
is clearly Nasua but the other 2 simply have more elongated medial epicondyles than P. lotor, 
though they are most similar to Procyon in all other morphology. UF 18077 has similar axis 1 
scores as UF 240249, in that its medial epicondyle is nearly as elongated as some of the less 
elongated Nasua specimens; however, it has significantly higher axis 2 scores than are achieved 
by Nasua. Thus, despite the elongated medial epicondyle, it has a much sharper angle of 
capitulum than Nasua.  
Tibiae. The tibiae provide very interesting results. In the PCA (Fig 51), the fossil plots on 
the boundary of the P. lotor morphospace, and near 1 specimen of P. cancrivorus. The first axis 
is associated with a slight compression between the intercondylar imminence and the lateral 
condyle, and this tends to loosely separate all 3  extant species. The second axis corresponds to 
an expansion and definition of the tibial tuberosity. Procyon lotor tends to have higher axis 1 
scores, and has axis 2 scores that are always less than one. The Procyon sp. nov. (b) tibia plots 
near to P. cancrivorus and P. lotor, with medium compression of the intercondylar imminence 
and the lateral condyle, and a highly expanded tibial tuberosity.  In the DA (Fig 52), Procyon sp. 
nov. (b) plots distantly from all other species, reflecting the unique morphology of the tibia. The 
main differences between the Procyon sp. nov (b) and P. lotor is the significant tibial tuberosity, 
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which is a characteristic of Nasua tibiae. However, despite the increase tibial tuberosity, the 
fossils general morphology is more reminiscent of Procyon than Nasua. In addition, Nasua 
fibulae become fused to the tibia at the proximal end, while there is no evidence of this fusion in 
the fossil specimen. The tibia of the fossil Procyon has a much more elongated tibial tuberosity 
than any other procyonid, and in fact, is vaguely reminiscent of Lynx rufus though the distal tibia 
morphology is indistinguishable from a very large P. lotor. Future work is needed to assess how 
this exaggerated tibial tuberosity affects locomotion in this species.  
Mandibles. The mandibles prove more problematic than expected, in that the placement 
of the specimens changes between many of the analyses. In the PCA (Fig 54), the first axis 
corresponds to an elongation and dorsal expansion of the ramus, and dorsal migration of the 
angular and articular while axis 2 corresponds to a dorsoventral thickening of the body of the 
mandible. Some of the mandibles appear very similar to extant P. lotor in morphology but still 
plot on the boundaries of the P. lotor morphospace, further supporting the diagnosis of the fossil 
specimens being a different species. The Nasua sp. nov. mandible consistently plots within the 
Nasua morphospace. Procyon rexroadensis is variable in the PCA, with 1 specimen plotting with 
P. lotor and 1 specimen plotting outside the Procyon space, though it is clearly Procyon in 
morphology. When Nasua is removed from the analysis, the first axis corresponded to a distal 
movement of the angular and the articular processes and the second axis relates to increasing 
concavity of posterior border of the lower ramus. 
 In the SDA (Fig 54), axis 1 still corresponds to the elevation and dorsal migration of the 
articular and angular processes, but axis 2 corresponds with a posterior expansion of the articular 
and angular processes. UF 18076 is separated from the other Florida fossils, with the highest axis 
2 scores, and the lowest axis 1 scores, corroborating that its a very gracile mandible with highly 
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dorsally elevated articular and angular processes. When P. rexroadensis is treated as an unknown 
(Fig 56) scores suggest that the 2 specimens are very different from each other, morphologically.  
UF 18076 again is distinctly separated from the other procyonids, with extremely 
posteriorly shifted articular and angular processes. UF 217353 does not plot near the male Nasua 
specimens, which is unexpected and further investigation is required to understand why. When 
Nasua is removed from the sample and P. rexroadensis is treated as a known (Fig 59), the first 
axis corresponds to anterior movement of the angular and articular processes, decreasing depth 
of the ramus and increasing concavity of the posterior border of the lower ramus, as scores get 
higher. Axis 2 corresponds to the elevation of articular and angular processes. Procyon 
rexroadensis has low axis 1 scores, showing how it has a posteriorly shifted angular and articular 
processes, though it has axis 2 scores both close to zero, indicating that its articular and angular 
processes are not extremely ventrally or dorsally shifted respectively. When P. rexroadensis is 
treated as an unknown in the analyses with only Procyon, it does not plot outside of the P. lotor 
morphospace. 
Discussion of Linear Measurement Analyses 
Distal Humeri. Linear measurements result in strong separation of the species, with 
similar results to the ventral distal humeri landmarks. Specifically, the fossil Nasua plots within 
the Nasua morphospace, while the fossil Procyon has minimal overlap with the P. lotor 
morphospace. In the PCA (Fig 60), the first axis appears to be corresponding to the expansion of 
the medial epicondyle. However, if this were the case, then the fossil specimens would be 
plotting between the 2 species on the first axis, but instead they have similar axis 1 scores to P. 
lotor. Removing Nasua from the analysis (Fig 61) separates the fossil Procyon from P. lotor. In 
the SDA (Fig 63), the first axis corresponds to the expansion of the medial epicondyle. The 
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factors kept by this SDA were the measurements corresponding to the height of the lateral edge 
of the posterior trochleae, the greatest width of the medial edge of the distal humerus, and the 
height of the olecranon fossa. Removing Nasua from the SDA results in slightly more overlap 
between P. lotor and the Florida fossils. 
Mandibles. The linear measurements of the mandibles were not particularly diagnostic 
because the analyses, with the exception of the DA, do not show considerable differences 
between P. lotor and Procyon sp. nov. (b). The DA shows a remarkable disparity between 
Procyon sp. nov. (b) and other Procyon species, but neither the PCA nor SDA were able to 
separate the species well, if at all. The only specimen that fell outside the range of variation of P. 
lotor was UF 217535, the possible male Nasua.   
Discussion of Other Analyses 
Lower Canine Width as Indicator of Sex. Currently, lower canine width is a fairly strong 
indicator of sex within Procyon spp. in the absence of bacula, but it must be kept in mind that 
this method is not infallible. Further research will expand these sample sizes to see if the 
percentages remain as high with more specimens. 
Distal Humeri as Indicator of Sex. The distal humerus is only able to distinguish the 
sexes significantly when an SDA is used (p<.001). Though fossils specimens were able to be 
classified by sex, there is no guarantee that Procyon sp. nov. (b) has the same relationship 
between the sexes that P. lotor does. Despite the low number of females identified, size does not 
seem to be the determining factor, as 1 of the Procyon sp. nov. (b) specimens classified as female 
is 1 of the largest humeri preserved (UF 49361). More work will need to be done on these 
humeri to confidently determine the sexes of the fossil specimens.  
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Body Mass Estimation. Based on Christiansen (2005), specimen UF 49361 of Procyon 
sp. nov. (b) would have had a mass of 8.56 kg. This estimate seems low given the large size of 
the humeri, but interestingly, despite the greater length of Procyon sp. nov. (b) humeri, they are 
of similar robustness to P. lotor, which results in the 2 species having similar predicted masses. 
Postcranial elements of Procyon sp. nov. (b) are known to be slightly larger than P. cancrivorus, 
but P. cancrivorus has an average body mass of 10 kg (Robinson and Redford 1986).  Thus, 
Procyon sp. nov. (b) mass estimates should be counted as minimum values until a more 
applicable formula is produced. Predicted body mass of Nasua sp. nov. gave a mass that, at 
12.27 kg, is over 6kg larger than the average for extant male specimens of Nasua narica. This is 
also 4kg larger than the mass estimate of Procyon sp. nov. (b) despite the humerus of Nasua sp. 
nov. being approximately 30% shorter. Certainly 12.27 kg should be considered a maximum 
possible value, and is likely grossly exaggerated. Using the formula provided by Christiansen 
(2005) on modern specimens of P. lotor with known body masses resulted in a 2 kg 
overestimation of 1 specimen and a 1 kg underestimation of another specimen.  
Further Discussion 
This study indicates that there were at least 3  species of procyonid present in the Blancan 
of Florida. It does not seem extraordinary that so many species of similar animal would be found 
within a geographic area as rich and temperate as Florida. Nasua and P. lotor cohabit throughout 
the Northern range of Nasua narica, P. cancrivorus cohabits with Nasua narica in much of its 
range, and P. lotor and P. cancrivorus cohabit in some parts of Panama and Costa Rica.  Nasua 
is less generalized, more fossorial, and feeds less preferentially on aquatic arthropods than 
Procyon (Kaufmann, 1962), so competition between the species would be less significant. 
However, Nasua sp. nov. seems to be less specialized in its humeral morphology in that its 
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medial epicondyle is less expanded and that its lateral supercondylar ridge is much less 
significant than in modern Nasua. It was clearly still arboreal/terrestrial, however, just to a 
seemingly lesser extent of fossoriality than the modern Nasua. Conversely, the fossil Procyon 
has a more expanded medial epicondyle and a much enlarged tibial tuberosity than its modern 
relative, which may imply slightly more terrestriality than P. lotor.  
Most of the statistical analyses demonstrate a difference between Procyon sp. nov (b) and 
modern P. lotor. Interestingly, Procyon sp. nov. (b) seems to be more different from P. lotor than 
P. cancrivorus, morphologically. Thus, in the absence of teeth, it is very difficult to differentiate 
the 2 extant continental species of Procyon. Procyon cancrivorus has highly specialized teeth, 
which clearly demarcate the species from P. lotor, but further research will be needed on P. 
pygmaeus to comment on the morphological differences between it and P. lotor. The fossil 
Procyon does not demonstrate marked difference in dental morphology, but, as mentioned, is 
fairly easily differentiated with postcrania. This indicates that the fossil Procyon is extremely 
generalistic, as is P. lotor, though its behavior and diet may be slightly different.  
While Procyon sp. nov. (b) is significantly different in size from P. lotor, there are some 
specimens that are within the size range of P. lotor. For example, when the greatest width of the 
distal humerus is plotted on a univariate graph, the fossils lie on a curve, with a fair amount of 
overlap between the smaller Procyon sp. nov. (b) and large P. lotor. A likely suggestion for this 
is sexual dimorphism in the fossil species; modern P. lotor are known to have marked sexual 
dimorphism, with the males being distinctly larger than females (Ritke 1990). Thus, small 
females and large males will be markedly different in size. If this is the case, then the small 
females of the fossil species will overlap with large males of P. lotor while male Procyon sp. 
nov. (b) are larger than any P. lotor. Though the humerus does not differentiate sex well in the 
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modern P. lotor, there are morphological differences between the 2 species which make the use 
of the sexual indicators in the modern species possibly not applicable to the fossil species. Thus 
no indication of sex can be made for the fossil sample, especially as no bacula have been found 
of the fossil species. Sex determination cannot be made by using the alveoli of the canine teeth 
either, due to the absence of associated cranials and postcrania, as well as the fact that, within 
different species, the same relationship between canine width and sex may not be applicable. 
Though lower canine width was found to correlate well with sex for P. lotor and P. cancrivorus, 
the same relationship should not be applied to Procyon sp. nov. (b), given that the boundary 
value between males and females may be different for this species than for the extant species. 
Until many more canines are found, no comment can be made as to sex based on canine width.  
The genus Procyon is also known from the Hemphillian of Florida, and seems to be more 
similar in size to modern P. lotor than to the Blancan species. Future research will include 
expansion of the current study to include the Hemphillian specimens to determine if the Blancan 
species is more similar to the Hemphillian specimens or to P. lotor.  
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CHAPTER 6 
CONCLUSIONS 
During the Late Blancan of Florida, there were at least 3  species of Procyonid present, 2 
in the genus Procyon and 1 in the genus Nasua. This research confirms the suggestions of Klein 
(1971), Webb and Wilkins (1984), and Berta (1995) that the large Inglis 1A Procyon is a new 
species. Procyon sp. nov. (b) is decidedly larger than modern P. lotor, and was roughly the same 
size as extant P. cancrivorus, though some large individuals of the fossil species exceed the 
range of the latter. Little can be said about the upper dentition, given that P. lotor has such an 
extremely wide range of acceptable intraspecific variation in its M1s. Despite this, there are 
differences in the lower dentition, the distal humeri and the tibia which support erecting a new 
species. Ultimately, the large Florida Procyon sp. nov (b) is similar to P. cancrivorus in many 
postcranial aspects, but similar to P. lotor in dental morphology.  Its enlarged medial epicondyle 
and tibial tuberosity strongly suggest a more terrestrial existence for this species, as compared to 
P. lotor, and it may have been behaving more like Nasua. However, this would increase 
competition between this species and the Nasua living in the region, so it may be tentatively 
postulated that Procyon sp. nov. (b) may have been more carnivorous or herbivorous than 
modern Nasua, which would reduce competition.  
Procyon sp. nov. (a) is very incompletely known, as the only confirmed material is an M1 
and 2 P4s.  Both teeth have distinct characteristics that are outside the observed range of 
intraspecific variation for extant P. lotor, and are unlikely due to genetic mutation. The same 
cannot be said of P. rexroadensis which falls within the range of modern P. lotor. In the absence 
of any postcrania or dental apomorphies, P. rexroadensis should be synonymized with P. lotor.  
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A new species of Nasua is also identified in the Blancan of Florida. Previously known 
from questionable identifications in the Hemphillian, this is the first confidently known 
occurrence of Nasua in Florida during the Blancan and is a considerable range extension for the 
genus during this time period. Previously, Blancan Nasua material consisted of a single p4 from 
Arizona (Dalquest, 1978), and a latest Blancan/earliest Irvingtonian specimen from California 
(Cassiliano 1999). Known material of this species consists of a female mandible with p4-m1 (UF 
240248), complete humerus (UF 240249), sacrum, pelvis fragments and lumbar vertebra (UF 
238044) and potentially a male mandible with p2-m2 (UF 217535).  
Future Work 
 Much continued work could be accomplished with the Procyonidae. Further analyses 
necessitate increased samples of P. cancrivorus and P. pygmaeus to better differentiate the 
postcranial morphology of these species and to understand how allometry affects morphology. 
The topic of distinguishing closely related species based on morphology is of importance to 
paleontologists, who often need to differentiate species based on postcranial remains. Bochenski 
(2008) suggests that characters that may not work 100% of the time are acceptable, so long as 
“the cut-off frequency is explicity stated” (Bochenski, 2008: 1247).  
 Microwear analyses to determine the diets of the Florida Procyonids may elucidate 
whether there were any significant dietary differences between the 3  species, or between these 
species and their modern equivalents.  
Future inclusion of the potential Nasua specimen UF 18920 from the Hemphillian 
(Baskin 1982) could confirm the identification. Further work is also needed to confidently 
identify UF 217535, the unusual mandible. A double rooted p1 would be most desirable, as it 
would strongly support placement within the genus Nasua, but as it may not be present, it cannot 
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be used. However, Nasua specimens do occasionally have single rooted p1s (Baskin 1982), so it 
is possible that this is simply 1 of those individuals that express a relatively uncommon, but 
certainly not unheard of, variability.  
Lastly, there is an Irvingtonian Procyon from the Leisey Shell Pit that is suggested to be 
the same species as the Inglis 1A species (Berta 1995, Morgan and Hulbert 1995). Further 
investigation could confirm this.  
Future work could also include specimens of Pleistocene Procyon spp. in the analyses to 
determine whether Procyon sp. nov. (b) may be an ancestor of Procyon lotor, and if any 
gradational changes can been seen over time in the genus.  
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APPENDICES 
APPENDIX A 
Specimens Examined 
Museum ID # Species Type Sex 
USNM A00983 N. narica Postcranial ? 
USNM 244896 N. narica Postcranial ? 
USNM A22810 N. narica Postcranial ? 
USNM 257314 N. narica Postcranial Female 
USNM 271136 N. narica Postcranial Female 
USNM 362119 N. narica Postcranial ? 
AMNH 214723 N. nasua Skeleton Female 
AMNH 214724 N. nasua Skeleton Female 
AMNH 215132 N. nasua Skeleton Male 
AMNH 214722 N. nasua Skeleton Female 
AMNH 214718 N. nasua Skeleton Male 
AMNH 214716 N. nasua Skeleton Male 
AMNH 214725 N. nasua Skeleton Female 
AMNH 93669 N. nasua Skeleton Male 
AMNH 93668 N. nasua Skeleton Male 
AMNH 133995 N. nasua Skeleton ? 
AMNH 215133 N. nasua Skeleton Male 
AMNH 214716 N. nasua Skeleton Male 
AMNH 133998 N. nasua Skeleton Male 
AMNH 133996 N. nasua Skeleton Male 
AMNH 134008 N. nasua Skeleton ? 
AMNH 14063 N. nasua Skeleton Female 
AMNH 70078 N. nasua Skeleton Male 
AMNH 255871 N. nasua Skeleton Male 
AMNH 18688 N. nasua Skeleton Female 
AMNH 35656 N. nasua Skeleton Male 
AMNH 42699 N. nasua Skeleton ? 
AMNH 91173 N. nasua Postcranial Female 
AMNH 96304 N. nasua Postcranial Female 
AMNH 96305 N. nasua Postcranial Female 
AMNH 78594 N. nasua Postcranial Female 
AMNH 96303 N. nasua Postcranial Female 
AMNH 214723 N. nasua Postcranial Female 
AMNH 214722 N. nasua Postcranial Female 
AMNH 215132 N. nasua Postcranial Male 
AMNH 214725 N. nasua Postcranial Female 
AMNH 214718 N. nasua Postcranial Male 
AMNH 214716 N. nasua Postcranial Male 
AMNH 133998 N. nasua Postcranial ? 
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AMNH 133996 N. nasua Postcranial ? 
AMNH 134008 N. nasua Postcranial Female 
AMNH 215133 N. nasua Postcranial Male 
USNM 281516 P. cancrivorus Postcranial Female 
USNM A06949 P. cancrivorus Postcranial ? 
USNM 172987 P. cancrivorus Postcranial ? 
USNM 00942/38418 P. cancrivorus Skull ? 
USNM 283470 P. cancrivorus Cranium ? 
USNM 270364 P. cancrivorus Skull Male 
USNM 172987 P. cancrivorus Skull Male 
USNM 281518 P. cancrivorus Cranium Male 
USNM 291139 P. cancrivorus Cranium Male 
USNM 6949 P. cancrivorus Skull Male 
USNM 172733 P. cancrivorus Cranium Male 
AMNH 14856 P. cancrivorus Skeleton Female 
AMNH 215129 P. cancrivorus Skeleton Male 
AMNH 214734 P. cancrivorus Skeleton Female 
AMNH 96182 P. cancrivorus Postcranial Female 
AMNH 96195 P. cancrivorus Postcranial Female 
AMNH 96194 P. cancrivorus Postcranial Female 
AMNH 96190 P. cancrivorus Postcranial Female 
AMNH 96199 P. cancrivorus Postcranial Male 
USNM 251158 P. flavus Postcranial ? 
USNM 281522 P. flavus Postcranial Female 
USNM 449468 P. flavus Postcranial ? 
AMNH 266597 P. flavus Postcranial Female 
AMNH 266599 P. flavus Postcranial Female 
AMNH 35463 P. flavus Postcranial Female 
AMNH 134010 P. flavus Postcranial ? 
AMNH 134017 P. flavus Postcranial ? 
AMNH 23499 P. flavus Postcranial ? 
USNM 256031 P. lotor Postcranial ? 
USNM 256032 P. lotor Postcranial ? 
USNM 256025 P. lotor Postcranial Female 
USNM 251154 P. lotor Postcranial ? 
USNM 568664 P. lotor Postcranial Male 
USNM 283182 P. lotor Postcranial Male 
USNM 349913 P. lotor Postcranial Male 
USNM 575 P. lotor Postcranial ? 
USNM 514512 P. lotor Postcranial ? 
USNM 396226 P. lotor Postcranial ? 
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USNM 270137 P. lotor Postcranial ? 
USNM 360971 P. lotor Postcranial ? 
USNM 91429 P. lotor Postcranial ? 
USNM 259822 P. lotor Postcranial ? 
USNM 396237 P. lotor Postcranial ? 
USNM 91427 P. lotor Postcranial Male 
USNM 187907 P. lotor Postcranial ? 
USNM 276356 P. lotor Postcranial ? 
USNM 567940 P. lotor Postcranial Male 
USNM 91428 P. lotor Postcranial ? 
USNM 349917 P. lotor Postcranial Male 
USNM 567941 P. lotor Postcranial Female 
USNM A21136 P. lotor Postcranial ? 
USNM 261298 P. lotor Postcranial ? 
USNM 261296 P. lotor Postcranial ? 
USNM 53242 P. lotor Postcranial ? 
USNM 296751 P. lotor Postcranial ? 
USNM 256057 P. lotor Postcranial ? 
USNM 144069 P. lotor Postcranial Male 
USNM 255076 P. lotor Cranium Male 
USNM 255081 P. lotor Cranium Male 
USNM 255079 P. lotor Cranium Female 
USNM 277073 P. lotor Cranium Male 
USNM 255074 P. lotor Cranium Male 
USNM 250327 P. lotor Cranium Female 
USNM 337629 P. lotor Cranium Female 
USNM 338857 P. lotor Cranium Male 
USNM 339968 P. lotor Cranium Male 
USNM 338856 P. lotor Skull Male 
USNM 507419 P. lotor Cranium Female 
USNM 360795 P. lotor Cranium ? 
USNM 111363 P. lotor Cranium ? 
USNM 111265 P. lotor Skull Male 
USNM 111270 P. lotor Cranium Male 
USNM 221728 P. lotor Cranium Female 
USNM 228072 P. lotor Skull Female 
USNM 224012 P. lotor Cranium Female 
USNM 229561 P. lotor Cranium Male 
USNM 250198 P. lotor Cranium Male 
USNM 132216 P. lotor Skull Female 
USNM 126243 P. lotor Skull Male 
USNM 135134 P. lotor Skull Male 
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USNM 287141 P. lotor Cranium Male 
USNM 147182 P. lotor Skull Male 
USNM 79029 P. lotor Cranium Female 
USNM 139755 P. lotor Skull Female 
USNM 81808 P. lotor Skull Male 
USNM 51455 P. lotor Cranium Female 
USNM 50829 P. lotor Cranium ? 
USNM 47813 P. lotor Cranium Male 
USNM 510077 P. lotor Cranium Male 
USNM 187924 P. lotor Skull Female 
USNM 129105 P. lotor Skull Female 
USNM 273991 P. lotor Cranium Female 
USNM 147171 P. lotor Cranium Male 
USNM 127881 P. lotor Cranium ? 
USNM 255063 P. lotor Skull Female 
USNM 255052 P. lotor Cranium Male 
USNM 255064 P. lotor Cranium Female 
USNM 255055 P. lotor Cranium Male 
USNM 255053 P. lotor Cranium Female 
USNM 255038 P. lotor Cranium Female 
USNM 255022 P. lotor Cranium Female 
USNM 255020 P. lotor Cranium Male 
USNM 255023 P. lotor Cranium Female 
USNM 255021 P. lotor Cranium Male 
USNM A32265 P. lotor Cranium Female 
USNM 286612 P. lotor Cranium ? 
USNM 256057 P. lotor Skull Male 
USNM 286609 P. lotor Cranium ? 
USNM 286908 P. lotor Cranium Male 
USNM 337239 P. lotor Cranium Male 
USNM 568718 P. lotor Cranium Male 
USNM 568735 P. lotor Cranium Female 
USNM 347870 P. lotor Cranium Female 
USNM 228367 P. lotor Cranium ? 
USNM 245992 P. lotor Cranium Male 
USNM 254991 P. lotor Cranium Male 
USNM 228365 P. lotor Cranium ? 
USNM 255014 P. lotor Cranium Female 
USNM 138686 P. lotor Cranium Male 
USNM 138688 P. lotor Skull Female 
USNM 138684 P. lotor Cranium Male 
USNM 247340 P. lotor Skull Female 
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USNM 138682 P. lotor Skull Female 
USNM 60352 P. lotor Cranium Male 
USNM 35688 P. lotor Cranium Female 
USNM 136320 P. lotor Cranium Male 
USNM 35945 P. lotor Cranium Male 
USNM 132483 P. lotor Skull Female 
USNM 80301 P. lotor Cranium Male 
USNM 271795 P. lotor Skull Male 
USNM 58103 P. lotor Cranium Female 
USNM 71019 P. lotor Cranium Male 
USNM 23996 P. lotor Cranium Female 
USNM 63146 P. lotor Skull Male 
USNM 203126 P. lotor Cranium Female 
USNM 203027 P. lotor Cranium Female 
USNM 205777 P. lotor Cranium Female 
USNM 205778 P. lotor Cranium Male 
USNM 019141/A34868 P. lotor Cranium Female 
USNM 031238/A43101 P. lotor Cranium Female 
USNM 50982 P. lotor Cranium Male 
USNM 57839 P. lotor Cranium Male 
USNM 95684 P. lotor Skull Male 
USNM 171051 P. lotor Skull Female 
USNM 171485 P. lotor Skull Male 
USNM 171484 P. lotor Skull Male 
USNM 291180 P. lotor Cranium ? 
USNM 292255 P. lotor Cranium Female 
USNM 251154 P. lotor Cranium ? 
USNM 287611 P. lotor Cranium ? 
USNM 73488 P. lotor Cranium Female 
USNM 180211 P. lotor Cranium Female 
USNM 73486 P. lotor Cranium Male 
USNM 265450 P. lotor Cranium ? 
USNM 265421 P. lotor Cranium Male 
USNM 264934 P. lotor Cranium Female 
USNM 264932 P. lotor Cranium Male 
USNM 187909 P. lotor Cranium Male 
USNM 137785 P. lotor Cranium ? 
USNM A08689 P. lotor Skull ? 
USNM A08693 P. lotor Skull ? 
USNM 135460 P. lotor Cranium Female 
USNM 140568 P. lotor Cranium Male 
USNM 261690 P. lotor Cranium ? 
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USNM 034253/A46344 P. lotor Cranium Male 
USNM 286603 P. lotor Cranium Male 
USNM 360748 P. lotor Cranium Male 
USNM A44056 P. lotor Cranium Female 
USNM 267381 P. lotor Cranium Female 
USNM 267380 P. lotor Cranium Female 
USNM 88980 P. lotor Cranium Female 
USNM 88977 P. lotor Cranium Female 
USNM 88979 P. lotor Cranium Male 
USNM 88985 P. lotor Skull Male 
USNM 88984 P. lotor Cranium Male 
USNM 597656 P. lotor Cranium ? 
USNM 597652 P. lotor Cranium Male 
USNM 597654 P. lotor Cranium Male 
USNM 597655 P. lotor Cranium Male 
USNM 532412 P. lotor Postcranial Male 
AMNH 35658 P. lotor Skeleton Female 
AMNH 243102 P. lotor Skeleton Male 
AMNH 17576 P. lotor Skeleton Male 
AMNH 18057 P. lotor Skeleton Male 
AMNH 135275 P. lotor Skeleton Female 
AMNH 244369 P. lotor Skull ? 
AMNH 146544 P. lotor Skeleton Male 
AMNH 35890 P. lotor Skeleton Female 
AMNH 244118 P. lotor Skeleton ? 
AMNH 238458 P. lotor Skeleton Male 
AMNH 245645 P. lotor Skeleton Male 
AMNH 237438 P. lotor Skeleton ? 
AMNH 244124 P. lotor Skeleton Male 
AMNH 245498 P. lotor Skeleton Male 
AMNH 238271 P. lotor Skeleton Male 
AMNH 245620 P. lotor Skeleton Male 
AMNH 235185 P. lotor Skeleton Female 
AMNH 238270 P. lotor Skeleton Male 
AMNH 238273 P. lotor Skeleton Female 
AMNH 236135 P. lotor Skeleton Male 
AMNH 238427 P. lotor Skeleton ? 
AMNH 245496 P. lotor Skeleton ? 
AMNH 245497 P. lotor Skeleton ? 
AMNH 235189 P. lotor Postcranial ? 
USNM 108508 P. pygmaeus Cranium Female 
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APPENDIX B 
Linear Measurements of Humeri 
Inst. ID Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
UF 262754 Fossil 28.42 12.61 10.44 10.57 15.00 12.13 13.86 8.37 9.48 20.53 12.94 13.74 14.70 10.92 
UF 241432 Fossil 28.68 11.46 10.31 10.14 14.86 12.23 13.32 8.63 9.76 18.99 15.83 14.46 14.52 10.78 
UF 259057 Fossil 26.09 12.26 9.97 10.20 13.25 10.45 12.36 7.70 9.14 18.61 15.75 12.59 12.91 9.46 
UF 262771 Fossil 26.10 10.76 10.21 9.61 13.74 9.86 11.83 6.86 8.06 18.47 15.58 12.42 12.57 10.32 
UF 240249 Fossil 28.16 10.57 8.83 9.19 11.00 10.15 10.13 6.74 9.20 18.16 16.51 11.82 12.29 9.31 
UF 238043 Fossil 26.26 11.97 9.12 9.36 12.06 10.58 11.77 7.75 9.05 17.95 16.71 13.17 14.00 9.44 
UF 271122 Fossil 27.05 11.61 9.47 9.29 12.43 10.31 11.98 7.60 8.92 18.10 16.42 13.05 13.27 9.79 
UF 223841 Fossil 24.79 10.11 8.34 9.11 12.54 9.36 11.00 7.15 8.34 16.89 15.74 12.11 11.77 9.43 
UF 18077 Fossil 27.34 13.29 10.37 10.63 12.80 10.62 12.66 8.02 9.24 19.31 16.84 13.14 12.93 10.79 
UF 193387 Fossil 24.95 10.15 8.69 8.78 12.55 9.82 11.25 7.28 8.54 17.04 14.61 11.92 12.34 8.80 
UF 45337 Fossil 27.26 12.69 8.10 9.45 14.80 10.61 12.00 8.05 8.94 19.39 17.73 11.83 14.63 8.91 
UF 45334 Fossil 26.65 10.69 10.24 9.68 12.98 10.63 11.27 7.79 8.84 19.23 16.64 12.48 13.13 11.30 
UF 45335 Fossil 26.76 11.82 8.19 9.01 14.46 10.25 11.66 8.11 9.35 18.42 16.16 14.00 12.80 8.85 
UF 45338 Fossil 32.16 12.70 11.63 11.22 16.83 12.82 15.09 8.89 10.67 24.14 19.49 15.49 15.66 11.97 
UF 49363 Fossil 27.63 12.03 12.13 10.30 14.23 11.61 12.11 8.30 9.13 20.37 17.30 13.33 13.11 12.33 
UF 49360 Fossil 26.15 10.12 9.04 8.98 12.87 10.00 11.32 7.94 8.64 18.68 16.06 12.65 10.94 8.86 
UF 49364 Fossil 26.54 13.23 10.15 10.65 13.87 10.54 12.28 8.12 9.31 19.24 16.40 13.44 13.76 10.49 
UF 49361 Fossil 30.87 13.44 10.01 10.31 17.08 12.06 14.04 8.65 9.96 22.26 18.96 13.97 15.02 9.21 
UF 3761 Fossil 30.15 12.41 11.55 11.01 14.56 11.39 13.83 8.09 10.07 21.07 18.35 13.85 13.75 12.20 
UF 271828 Fossil 29.62 12.64 11.02 10.65 15.44 10.97 13.79 9.02 10.80 21.67 18.46 14.56 15.11 11.42 
AMNH 215132 Nasua nasua 30.01 10.52 8.80 9.31 11.49 10.28 10.57 6.48 8.37 18.46 17.11 12.52 10.62 10.37 
AMNH 14063 Nasua nasua 28.43 11.50 9.94 10.03 10.46 11.20 11.91 6.91 8.88 17.56 16.64 12.74 11.96 7.94 
AMNH 70078 Nasua nasua 31.27 10.60 9.72 9.71 10.87 10.89 10.57 7.07 9.66 18.23 16.35 12.49 11.95 7.79 
AMNH 255871 Nasua nasua 27.54 10.01 8.66 8.62 11.38 9.66 10.49 6.96 8.48 17.40 15.60 12.40 11.52 7.65 
AMNH 18688 Nasua nasua 27.54 10.03 8.33 8.30 9.94 9.79 10.72 6.51 8.10 16.32 14.73 10.78 10.85 6.26 
AMNH 35656 Nasua nasua 30.74 10.58 10.16 9.78 9.94 10.24 10.45 6.98 8.80 16.91 15.57 11.91 11.72 6.80 
AMNH 42699 Nasua nasua 26.81 9.25 9.35 9.24 11.50 9.59 10.40 6.88 8.07 14.72 13.38 10.39 10.69 8.05 
121 
 
Inst. ID Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
AMNH 91173 Nasua nasua 23.91 8.62 8.98 8.52 9.61 8.77 9.24 5.89 7.47 15.10 13.45 9.67 9.43 7.48 
AMNH 95756 Nasua nasua 28.10 10.77 8.85 9.57 12.52 9.79 10.79 6.68 8.66 18.06 17.29 11.79 11.23 8.03 
USNM 362119 Nasua narica 23.28 9.15 6.91 6.90 9.89 7.96 9.19 5.90 7.59 15.69 13.54 8.56 10.01 7.35 
USNM 257314 Nasua narica 25.12 11.16 9.38 9.63 10.40 9.56 10.26 6.73 7.72 16.59 14.57 9.71 10.59 8.56 
USNM 271136 Nasua narica 27.10 9.48 10.04 9.95 10.10 10.01 10.59 6.65 8.76 16.92 15.44 10.16 10.78 9.95 
USNM 22810 Nasua narica 24.99 9.99 9.34 8.66 9.89 8.90 8.98 6.64 8.04 16.26 14.62 9.88 10.51 5.38 
USNM 244896 Nasua narica 25.59 10.28 8.48 8.88 9.75 8.88 9.49 6.52 8.67 16.41 15.29 11.94 10.84 7.19 
USNM 983 Nasua narica 23.99 8.62 6.42 6.98 8.58 8.06 7.49 5.61 7.00 13.76 12.33 7.21 8.52 5.86 
AMNH 14856 P. cancrivorus 23.67 9.93 8.40 8.36 11.91 9.83 10.53 7.09 7.95 16.29 14.65 11.05 10.92 11.97 
AMNH 215129 P. cancrivorus 26.34 12.26 10.28 9.74 13.30 11.38 13.32 8.60 9.39 18.57 16.59 13.44 12.74 12.25 
AMNH 214734 P. cancrivorus 25.72 11.73 9.57 9.38 13.25 11.14 12.20 7.60 9.29 18.92 16.56 12.47 12.58 11.32 
USNM 172987 P. cancrivorus 24.48 11.88 8.28 8.95 13.67 9.93 11.65 7.83 8.84 16.97 15.74 12.43 12.04 12.41 
USNM 281516 P. cancrivorus 22.20 9.59 8.26 8.49 10.81 9.35 10.49 6.58 7.74 16.33 14.64 11.37 11.16 11.88 
AMNH 266597 Potos flavus 20.95 9.84 7.10 7.65 7.24 6.35 6.84 4.81 6.14 14.15 12.69 6.13 7.67 6.24 
AMNH 266599 Potos flavus 21.78 9.94 8.45 8.67 7.70 6.76 7.99 5.39 6.63 15.73 13.87 7.18 8.14 5.59 
AMNH 35436 Potos flavus 23.07 10.41 8.64 7.89 8.47 6.88 8.03 5.85 7.17 16.35 14.43 7.18 8.52 6.11 
USNM 281522 Potos flavus 20.69 8.72 7.45 7.55 6.83 5.66 6.51 5.18 6.49 15.19 13.39 6.01 7.07 6.13 
USNM 251158 Potos flavus 22.84 10.37 7.89 8.22 8.03 7.76 6.84 5.58 7.27 15.78 13.19 6.50 7.95 6.82 
AMNH 35658 P. lotor 24.84 9.34 9.00 8.36 12.18 10.60 11.30 6.82 8.30 8.22 13.73 10.57 10.82 9.00 
AMNH 243102 P. lotor 26.74 9.91 9.66 9.46 13.08 10.54 11.67 7.50 8.96 18.09 16.61 11.47 12.79 11.30 
AMNH 17576 P. lotor 25.68 9.92 8.33 9.30 12.17 10.01 11.18 6.80 8.23 17.39 14.89 10.89 10.16 10.50 
AMNH 18057 P. lotor 22.97 9.81 8.72 8.88 12.43 10.07 10.64 7.75 8.23 16.47 14.20 10.58 11.30 13.53 
AMNH 135275 P. lotor 21.89 8.80 8.27 8.85 12.41 10.64 11.09 7.03 8.36 15.52 13.93 10.42 10.57 9.15 
AMNH 146544 P. lotor 24.69 11.11 9.98 9.49 13.42 10.33 10.81 7.48 8.87 17.17 15.24 11.20 12.09 12.79 
AMNH 35890 P. lotor 23.93 9.89 8.14 8.05 12.00 9.82 10.25 7.24 8.09 15.63 15.06 10.23 11.11 10.88 
AMNH 238458 P. lotor 22.26 9.33 8.34 8.49 11.74 9.41 10.24 6.91 8.66 16.11 14.50 10.54 10.60 11.18 
AMNH 245645 P. lotor 23.11 9.97 8.62 8.34 12.25 9.99 10.69 7.09 8.33 16.21 14.26 10.82 10.76 12.42 
AMNH 237438 P. lotor 22.28 9.20 8.38 8.39 11.81 10.20 11.66 7.80 8.44 15.71 14.33 11.23 11.54 11.64 
AMNH 93145 P. lotor 21.15 8.67 8.93 8.55 10.86 8.85 9.86 6.63 7.55 15.48 13.29 10.24 10.66 11.86 
AMNH 235189 P. lotor 18.58 9.07 7.72 7.25 9.64 8.07 8.28 5.57 6.86 13.34 12.32 8.91 9.06 11.35 
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USNM 261296 P. lotor 22.11 10.08 8.36 8.24 12.56 9.23 9.79 6.80 8.16 15.33 13.02 10.56 10.93 11.10 
USNM 261298-1 P. lotor 22.74 10.44 8.71 8.95 12.06 10.27 10.47 6.51 7.93 16.28 13.59 9.22 10.17 12.72 
USNM 261298-2 P. lotor 24.07 11.81 9.38 9.72 12.38 11.65 11.72 7.76 9.00 17.86 15.60 12.14 13.78 11.40 
USNM 144069 P. lotor 23.76 10.40 9.11 8.65 12.72 10.29 10.12 7.24 8.67 17.09 15.04 10.77 11.69 11.80 
USNM 532412 P. lotor 22.27 10.37 7.83 8.40 11.71 9.45 10.15 6.37 7.85 15.51 14.31 10.03 11.29 10.84 
USNM 296751-1 P. lotor 24.70 10.98 8.72 9.02 12.44 10.51 10.82 7.16 8.39 17.56 15.20 10.74 11.40 12.53 
USNM 296751-2 P. lotor 23.84 9.63 8.39 8.40 12.12 10.34 11.00 6.99 8.07 15.87 14.21 11.07 10.82 11.72 
USNM 296751-3 P. lotor 21.98 9.93 7.85 7.99 12.10 10.21 10.90 7.15 7.88 15.88 13.13 9.83 10.58 11.39 
USNM 296751-4 P. lotor 22.57 9.00 8.38 8.49 12.38 9.44 10.37 7.33 7.88 15.53 13.82 9.66 11.10 11.76 
USNM 296751-5 P. lotor 23.26 10.27 8.44 8.63 12.74 10.58 10.30 6.81 7.63 17.04 14.72 11.22 10.77 13.62 
USNM 187097 P. lotor 22.93 10.82 8.22 8.62 11.74 9.72 10.59 7.04 8.46 16.85 14.59 10.23 11.25 11.82 
USNM 259822 P. lotor 21.78 8.72 7.16 7.20 11.12 9.20 10.33 5.90 7.10 15.61 12.99 10.02 9.49 11.37 
USNM 91427 P. lotor 23.50 9.89 8.45 9.02 13.31 10.11 9.92 7.08 8.58 17.03 15.28 10.01 10.68 11.63 
USNM 396287 P. lotor 22.69 8.91 7.92 7.57 11.91 9.53 10.10 7.06 8.02 15.83 13.81 10.18 10.22 10.76 
USNM 567941 P. lotor 19.42 8.73 7.69 7.27 10.78 9.01 9.14 6.03 7.10 13.75 12.31 9.40 9.32 10.64 
USNM 567940 P. lotor 22.39 8.77 8.35 8.79 11.41 10.11 10.39 6.42 7.70 15.65 13.94 9.44 10.29 11.08 
USNM 349917 P. lotor 23.97 9.03 9.12 8.87 12.13 9.74 10.49 7.05 8.69 16.71 14.49 10.18 10.98 12.37 
USNM 568664 P. lotor 23.10 9.76 8.91 9.21 12.46 9.24 10.35 7.12 8.18 16.74 14.94 9.53 10.83 11.74 
USNM 283182 P. lotor 23.10 9.88 8.55 8.44 12.94 9.87 10.79 7.36 8.51 16.45 14.83 10.13 11.87 13.05 
USNM 349913 P. lotor 23.68 9.89 8.96 9.20 11.64 9.18 10.29 6.49 7.94 16.50 14.32 10.11 10.77 10.64 
USNM 270137-1 P. lotor 23.57 9.98 8.09 8.07 12.15 10.37 10.71 7.29 8.45 17.12 14.87 10.53 11.15 11.63 
USNM 270137-2 P. lotor 22.47 9.10 8.87 8.73 11.79 9.65 10.83 6.90 8.09 15.28 13.90 10.00 10.28 11.56 
USNM 270137-3 P. lotor 20.79 8.49 8.12 8.20 12.44 9.37 10.57 6.89 7.91 15.27 13.06 9.85 10.39 10.78 
USNM 251154 P. lotor 24.62 10.22 9.07 9.48 12.66 10.28 11.30 7.49 8.60 17.34 14.91 11.15 10.97 11.08 
USNM 256025 P. lotor 22.66 9.45 8.92 8.55 12.39 9.53 10.08 7.01 7.89 16.11 14.37 10.48 10.72 11.93 
USNM 256032 P. lotor 20.05 8.92 7.30 7.87 11.17 8.84 9.17 6.69 7.10 13.55 12.18 8.65 9.87 11.82 
USNM 256031 P. lotor 18.67 8.47 7.78 7.43 10.82 8.30 9.25 6.48 7.42 13.42 11.99 8.68 9.31 9.89 
USNM 575 P. lotor 21.87 10.42 8.62 9.47 12.83 9.25 10.75 6.87 8.20 15.92 13.81 10.62 11.19 11.60 
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APPENDIX C 
Linear Measurements of Mandibles 
Inst. ID # Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
UF 243837 Fossil 48.92 35.15 46.71 8.37 6.17 11.15 7.22 7.31 10.59 6.86 4.48 14.61 8.28 7.22 
UF 240248 Fossil 45.47 30.98 40.11 7.08 4.52 8.61 5.45 5.98 8.51 4.52 4.65 11.92 5.86 6.30 
UF 217353 Fossil 48.75 33.74 45.05 8.08 4.45 11.44 6.44 7.17 11.20 6.53 6.74 16.63 7.79 8.41 
UF 18076 Fossil 49.05 35.61 47.84 7.14 3.88 11.25 3.71 3.52 11.48 5.08 4.29 12.29 5.86 6.42 
UF 49251 Fossil 48.71 35.38 45.60 8.68 5.63 11.83 6.72 7.37 10.17 5.79 5.57 12.74 6.62 6.43 
AMNH 215132 N. nasua 45.45 38.74 29.71 7.65 4.13 8.91 5.72 5.73 8.99 5.36 4.81 16.73 8.00 7.24 
AMNH 39669 N. nasua 45.61 40.96 31.75 7.36 4.54 8.37 5.43 5.88 9.19 5.45 5.05 14.23 4.90 5.63 
AMNH 39668 N. nasua 44.77 41.14 32.68 7.43 4.34 8.56 5.39 5.33 8.81 4.86 4.85 14.34 5.21 5.79 
AMNH 215133 N. nasua 45.57 40.06 31.18 7.18 4.49 7.49 5.24 5.08 8.41 4.86 5.03 17.76 6.17 5.38 
AMNH 214716 N. nasua 42.68 37.47 29.13 7.28 4.65 7.59 5.23 5.31 8.23 5.08 4.65 16.47 5.32 5.29 
AMNH 133998 N. nasua 47.33 41.97 32.27 8.43 5.30 8.58 6.46 5.96 9.14 5.99 5.17 14.23 6.11 6.94 
AMNH 134008 N. nasua 44.79 38.69 29.97 7.92 5.13 7.84 5.79 5.92 8.61 5.87 5.30 12.57 4.92 6.25 
AMNH 14063 N. nasua 46.45 41.67 31.26 8.47 5.24 9.24 6.02 5.97 9.94 6.01 5.06 13.02 5.69 5.33 
AMNH 70078 N. nasua 43.88 37.49 30.09 7.47 4.43 8.44 5.22 5.81 6.52 3.87 4.12 15.40 5.74 7.68 
AMNH 255871 N. nasua 45.75 40.68 32.27 7.61 4.36 8.73 5.75 5.69 8.60 5.48 4.50 16.49 7.57 6.10 
AMNH 35656 N. nasua 45.04 38.73 30.22 6.90 3.49 7.28 4.28 4.04 7.53 4.09 3.09 12.52 6.84 7.00 
AMNH 95756 N. nasua 45.95 41.07 30.28 8.49 4.60 8.61 5.62 5.77 9.98 5.53 5.28 15.99 6.22 7.14 
AMNH 91173 N. nasua 43.97 40.05 29.64 7.89 4.46 8.68 5.33 6.26 9.86 5.58 5.34 10.32 5.10 5.08 
AMNH 96304 N. nasua 42.01 36.19 28.84 6.29 3.89 6.88 4.77 4.59 7.24 4.21 4.08 12.10 4.85 4.89 
AMNH 96305 N. nasua 44.62 38.71 30.03 7.69 4.32 7.77 5.09 5.31 8.13 5.13 4.75 12.17 4.41 5.05 
AMNH 96303 N. nasua 44.30 38.18 29.25 7.60 4.25 8.07 5.42 5.43 8.43 5.29 4.80 12.06 4.19 4.81 
AMNH 46519 N. nasua 43.82 38.41 30.07 7.39 4.01 8.29 4.25 4.97 8.09 4.71 4.86 10.61 4.15 4.89 
AMNH 96182 P. cancrivorus 48.14 47.82 36.25 9.38 7.53 11.34 7.73 7.67 11.44 7.32 5.94 14.13 7.66 6.98 
AMNH 96195 P. cancrivorus 47.42 45.98 34.57 9.65 6.70 10.44 7.07 7.50 11.31 6.98 5.43 14.96 6.79 7.71 
AMNH 96199 P. cancrivorus 48.14 47.10 36.51 9.21 6.98 10.85 8.19 7.68 10.58 6.81 5.43 16.57 7.06 6.77 
USNM 6949 P. cancrivorus 48.47 47.01 37.26 9.81 7.51 12.86 8.72 8.80 10.74 7.69 6.34 15.66 8.35 7.62 
AMNH 14856 P. lotor 45.21 43.11 33.25 8.35 6.33 11.37 8.35 8.38 10.36 7.39 6.44 14.23 8.32 7.92 
AMNH 215129 P. cancrivorus 49.10 48.43 37.30 9.67 7.13 12.47 5.97 5.51 11.65 4.93 3.67 15.38 8.13 7.64 
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Inst. ID # Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
AMNH 214734 P. lotor 48.99 45.83 35.20 9.32 7.13 11.69 8.38 8.31 10.69 7.26 5.79 15.34 7.79 8.27 
AMNH 35658 P. lotor 42.71 38.83 29.15 5.92 3.89 10.26 3.86 4.45 10.21 3.51 3.33 11.14 7.13 6.39 
AMNH 243102 P. lotor 40.35 39.06 29.57 6.97 5.33 9.65 5.62 6.55 9.94 5.71 5.45 13.00 7.11 5.92 
AMNH 17576 P. lotor 41.20 38.37 28.39 7.27 4.82 9.87 5.85 6.36 10.10 6.18 5.39 12.36 7.25 6.40 
AMNH 18057 P. lotor 40.47 37.88 28.56 7.14 5.42 9.72 5.59 6.13 9.99 5.82 5.52 13.20 7.22 7.20 
AMNH 135275 P. lotor 39.06 35.31 27.78 6.35 4.21 8.85 4.31 4.99 7.72 4.24 3.70 11.53 7.90 6.44 
AMNH 245645 P. lotor 42.32 40.63 30.93 7.47 5.28 10.79 5.82 6.70 10.11 6.24 5.61 12.88 8.17 6.62 
AMNH 237438 P. lotor 41.95 39.51 30.18 6.37 4.05 10.25 4.10 4.48 10.51 3.49 3.57 12.67 8.73 6.34 
AMNH 244124 P. lotor 40.33 38.40 28.30 6.80 5.21 10.06 5.99 6.91 10.12 6.16 5.84 12.32 8.53 6.33 
AMNH 245498 P. lotor 42.02 40.69 29.45 7.85 6.09 10.43 6.17 7.02 11.52 6.44 5.94 12.97 7.84 6.27 
AMNH 238271 P. lotor 41.98 40.40 29.63 7.02 5.40 10.38 5.84 6.87 11.41 6.22 6.28 12.45 7.23 6.15 
AMNH 235185 P. lotor 40.87 38.86 29.45 6.84 4.78 9.50 5.26 6.43 9.22 5.84 5.59 10.33 5.77 5.05 
USNM 338856 P. lotor 41.31 40.10 31.19 8.09 5.74 10.02 6.12 6.41 9.11 6.05 5.43 11.61 6.01 5.28 
USNM 111265 P. lotor 44.19 41.97 31.54 7.04 5.12 10.27 5.60 6.58 10.57 6.21 5.41 12.32 6.93 5.79 
USNM 225076 P. lotor 37.27 30.97 26.37 6.20 4.53 9.83 5.19 6.40 9.80 5.48 5.72 9.85 6.18 5.66 
USNM 228072 P. lotor 41.73 39.53 30.25 7.52 5.27 10.18 5.68 7.15 9.04 6.47 5.72 14.03 7.47 6.73 
USNM 126243 P. lotor 44.72 41.04 30.69 7.47 5.48 10.62 5.10 6.71 10.80 5.98 5.52 13.62 8.10 6.79 
USNM 132216 P. lotor 41.81 40.03 30.07 7.46 4.90 10.07 5.39 5.62 9.97 5.67 5.23 12.59 7.81 6.61 
USNM 135134 P. lotor 40.98 38.79 28.63 7.10 4.77 9.93 5.23 6.14 10.41 5.90 5.54 11.26 7.77 6.41 
USNM 287127 P. lotor 40.50 39.35 30.19 7.10 5.00 9.62 4.96 5.97 9.11 5.59 5.44 10.89 6.75 5.39 
USNM 287141 P. lotor 43.43 39.86 29.24 7.48 5.02 10.18 5.51 6.79 10.74 6.00 6.00 12.17 8.41 6.45 
USNM 510077 P. lotor 41.94 40.42 30.13 7.63 5.23 10.38 5.86 6.17 10.24 5.87 5.98 13.38 7.52 7.37 
USNM 51455 P. lotor 44.29 42.16 32.39 7.99 5.39 10.41 5.77 6.58 10.19 5.97 5.82 14.25 8.47 7.39 
USNM 129105 P. lotor 42.15 39.18 30.13 7.01 5.23 10.23 5.41 6.12 9.42 5.61 5.17 13.21 7.16 5.16 
USNM 273991 P. lotor 42.67 40.23 30.11 7.85 5.39 10.09 5.46 6.47 10.11 5.45 5.39 11.66 6.52 5.98 
USNM 127881 P. lotor 47.36 43.71 33.59 8.03 5.64 10.73 6.13 7.09 10.52 6.46 6.11 14.87 9.72 8.49 
USNM 187924 P. lotor 40.66 39.82 29.40 8.17 5.10 10.66 5.71 6.56 10.44 5.78 5.57 11.37 7.76 5.60 
USNM 255020 P. lotor 41.80 40.27 30.61 7.56 4.89 9.69 5.51 6.19 9.39 5.69 5.13 11.13 6.21 5.09 
USNM 255022 P. lotor 42.12 40.00 30.26 7.52 5.14 10.80 6.18 6.71 9.77 5.81 5.73 13.73 8.35 6.39 
USNM 255038 P. lotor 41.49 38.83 28.92 7.51 5.37 10.44 5.76 6.67 9.69 5.66 5.91 10.57 6.73 5.84 
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USNM 224013 P. lotor 42.82 41.98 33.13 8.01 5.49 11.00 5.66 6.67 9.16 5.89 5.44 13.14 7.01 5.72 
USNM 108508 P. pygmaeus 35.09 33.47 25.40 6.30 4.31 8.57 4.65 5.17 7.97 5.06 4.50 9.22 5.70 5.51 
UM 26997 P. rexroadensis 51.08 47.50 37.11 8.46 5.24 11.95 6.35 7.37 10.73 6.50 6.02 17.40 10.12 9.22 
UM 29646 P. rexroadensis 48.50 43.20 37.60 8.19 4.73 11.90 5.30 6.23 11.49 4.79 3.95 15.58 10.02 9.90 
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APPENDIX D 
Fossil Specimens by Site 
Uf number Specimen Site: 
245133 Femur, right proximal Ballards pit 2 
223841 Skull, partial with right p4-m2 and left p4 Haile 7g 
234406 Dp4, left lower Haile 7g 
234407 P4, right upper Haile 7g 
234408 Canine, upper right Haile 7g 
234409 Canine, upper right Haile 7g 
234411 Maxilla, left with m1-m2; jugal, left, associated Haile 7g 
238043 Maxilla, left with p3-p4; humerus, left; scapula, left Haile 7g 
238044 Pelvis, left; vertebra, lumbar; sacrum, associated Haile 7g 
238045 Vertebra, caudal Haile 7g 
254875 Metatarsal Haile 7g 
271118 M1, right lower Haile 7g 
271122 Humerus, right distal Haile 7g 
271824 M1, left lower Haile 7g 
271825 M2, left lower Haile 7g 
3756 Mandible, p2-p3 Inglis 1a 
3758 Calcaneum, left Inglis 1a 
3761 Humerus, left, juvenile Inglis 1a 
3762 Humerus, right proximal Inglis 1a 
3763 Ulna, left proximal Inglis 1a 
3764 Femur, left distal Inglis 1a 
18073 Maxilla, partial with m1-m2 Inglis 1a 
18074 M1, upper Inglis 1a 
18075 Palate, partial with i3 Inglis 1a 
18076 Mandible Inglis 1a 
18077 Humerus Inglis 1a 
18078 Tibia Inglis 1a 
18079 Calcaneum Inglis 1a 
18080 Astragalus Inglis 1a 
21305 P2-p4, left lower Inglis 1a 
21665 M1, upper Inglis 1a 
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Uf number Specimen Site: 
45333 Humerus Inglis 1a 
45334 Humerus Inglis 1a 
45335 Humerus Inglis 1a 
45336 Humerus Inglis 1a 
45337 Humerus Inglis 1a 
45338 Humerus Inglis 1a 
45339 Tibia Inglis 1a 
49251 Mandible, with p2-m1 Inglis 1a 
49252 Mandible, edentulous Inglis 1a 
49253 Mandible, with p2-p3 Inglis 1a 
49254 Mandible, with p2-p3 Inglis 1a 
49255 Mandible, with m1 Inglis 1a 
49360 Humerus, right Inglis 1a 
49361 Humerus, right Inglis 1a 
49362 Humerus, left Inglis 1a 
49363 Humerus, left Inglis 1a 
49364 Humerus, left Inglis 1a 
217534 Maxilla, right partial with m1-m2 Inglis 1a 
97111 Ulna, left proximal Inglis 1b 
271828 Humerus, distal Inglis 1d 
193387 Humerus, left Inglis 1f 
193388 Vertebra, lumbar Inglis 1f 
271827 Maxilla, m1-m2 Inglis 1i 
271826 Calcaneum Inglis 1l 
10280 M1, right lower John reynolds site 
100302 Femur, left distal Macasphalt shell pit 1 high 
11875 Mandible, left Santa fe river 1b 
15121 Mandible Santa fe river 8c 
240248 Mandible, right with p4-m1 Santa fe river 8c 
240249 Humerus, left Santa fe river 8c 
217535 Mandible, right with p2-m2 Waccasassa river 9a 
240700 Mandible, right with p2-m2 Waccasassa river 9a 
241432 Humerus, right distal Withlacoochee river 1a 
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Uf number Nature of specimen: Site: 
241433 Humerus, left distal, partial Withlacoochee river 1a 
243466 Femur, right, juvenile Withlacoochee river 1a 
243557 Radius, left distal Withlacoochee river 1a 
243585 Humerus, left proximal Withlacoochee river 1a 
243697 Maxilla, left partial with p4-m1 Withlacoochee river 1a 
243837 Mandible, right with c, p1-m2 Withlacoochee river 1a 
243843 Premaxilla, right with i1 Withlacoochee river 1a 
243932 Ulna, right proximal Withlacoochee river 1a 
258912 M1, right lower Withlacoochee river 1a 
259055 M1, right upper Withlacoochee river 1a 
259056 M1, left upper Withlacoochee river 1a 
259057 Humerus, left distal Withlacoochee river 1a 
262754 Humerus, left distal Withlacoochee river 1a 
262771 Humerus, lft distal Withlacoochee river 1a 
262872 Mandible, right with c, p3-m1, heavy wear Withlacoochee river 1a 
263219 Calcaneum, right Withlacoochee river 1a 
263220 Premolar, lower Withlacoochee river 1a 
263232 M1, left upper Withlacoochee river 1a 
263233 P4, left lower Withlacoochee river 1a 
263234 Femur, left proximal Withlacoochee river 1a 
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